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Adipokine zinc-alpha-2-
glycoprotein as a novel
urinary biomarker presents
earlier than
microalbuminuria in diabetic
nephropathy
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Abstract

Objective: To investigate the role of zinc-alpha-2-glycoprotein (ZAG) in the early stage of diabetic

nephropathy, in patients with type 2 diabetes mellitus (T2DM).

Methods: This cross-sectional observational study recruited patients with longstanding T2DM

and healthy control subjects. Patients with T2DM were further stratified based on their urine

albumin–creatinine ratio (UACR) and estimated glomerular filtration rate (eGFR). Serum and urine

concentrations of ZAG were determined using an enzyme-linked immunosorbent assay.

Results: Eighty patients with T2DM and 20 healthy control subjects were enrolled in the study.

Mean� SD concentrations of ZAG in serum and urine were both significantly higher in patients

with T2DM (serum: 38.29� 22.72 mg/l; urine: 53.64� 29.48 mg/g) compared with concentrations

in healthy control subjects (serum: 21.61� 8.83 mg/l; urine: 28.17� 10.64 mg/g). Serum ZAG

concentration was positively correlated with serum creatinine and eGFR. Urine ZAG concentra-

tion was positively correlated with UACR. Urine concentration of ZAG in the higher eGFR group

was higher than that in the normal eGFR group (41.26� 13.67 versus 32.05� 8.55 mg/g,

respectively).

Conclusion: These preliminary findings suggest that ZAG might be a potentially useful biomarker

for early diagnosis of diabetic nephropathy in patients with T2DM.
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Introduction

Diabetes mellitus continues to be an import-
ant clinical problem throughout the world.1

One of the factors associated with mortality
and morbidity in patients with diabetes is
diabetic nephropathy.2 Currently, the most
popular method of detecting the early signs
of nephropathy in patients with diabetes is
the measurement of microalbuminuria.3

However, pathological abnormalities have
been reported to occur before the onset of
microalbuminuria.4 Interestingly, in chronic
cases of diabetic nephropathy, renal func-
tion correlates better with the degree of
tubulointerstitial injury rather than with
glomerular lesions, suggesting that research-
ers should look for tubular biomarkers in
order to identify patients with diabetic
nephropathy.5 There has been a growing
interest in identifying alternative biomarkers
that might provide a sensitive and rapid
means of detecting the progression of dia-
betic nephropathy. In this regard, bio-
markers that reflect tubular damage have
been proposed by various investigators.6–8

Zinc-alpha-2-glycoprotein (ZAG) is a 41–
43 kDa glycoprotein assigned to the major
histocompatibility complex class I family of
proteins.9,10 ZAG is present in a variety of
epithelia and is secreted into many body
fluids.11 ZAG is known to stimulate lipolysis
through stimulation of adenylate cyclase in a
guanosine triphosphate-dependent process
via binding through the b3 adrenoreceptor.9

ZAG was suggested to be involved in vari-
ous biological processes including regula-
tion of melanin production by melanocytes,
prostate and bladder cancer, cachexia, obes-
ity and inhibition of cell proliferation.12–19

ZAG might be involved in the pathogenesis
of obesity-related metabolic disorders in
humans as ZAG was correlated with glu-
cose, creatinine and uric acid in patients
with metabolic syndrome.20 Russell and
Tisdale21 found that recombinant human
ZAG counters some of the metabolic fea-
tures of the diabetic state in ob/ob mice,

including a reduction in plasma insulin levels
associated with an increased retention of
insulin by the pancreas, and an improved
response in the glucose tolerance test due to
increased glucose use. Proteomic analyses
found that urine ZAG increased specifically
in patients with diabetes andmay be used as a
biomarker for the specific and accurate clin-
ical analysis of diabetic nephropathy.22,23

Immunohistochemical analyses have
shown that ZAG is expressed mainly in the
tubules of the human kidney.24 This present
study hypothesized that the urine concen-
trations of ZAGmight increase earlier in the
progression of diabetic nephropathy, before
microalbuminuria becomes evident. If this is
the case, then urine ZAG might be a novel
biomarker for the early identification of
diabetic nephropathy. This study aimed to
determine the role of ZAG in the early
diagnosis of diabetic nephropathy by inves-
tigating the concentrations of urine ZAG in
patients with diabetes mellitus, stratified
according to their levels of albuminuria
and kidney function.

Patients and methods

Study population

This cross-sectional observational study
enrolled consecutive patients with type 2
diabetes mellitus (T2DM) attending the
Department of Nephrology, The Second
Affiliated Hospital of Dalian Medical
University, Dalian, Liaoning Province,
China between January and December
2014. All patients with T2DM (diagnostic
criteria: glycosylated haemoglobin �6.5%,
fasting blood glucose �7mmol/l or oral
glucose tolerance test 2-h blood glucose
�11.1mmol/l)25 had a longstanding history
of diabetes (>10 years, to ensure sufficient
duration of exposure to diabetes)and an
estimated glomerular filtration rate (eGFR)
>60ml/min per 1.73m2, as assessed by the
Modification of Diet in Renal Disease
(MDRD) equation.26 Patients with T2DM
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were excluded when renal diseases attribut-
able to other causes were suspected.
Therefore, exclusion criteria included the
presence of haematuria, renal insufficiency of
unexplained origin, urinary tract infection and
history of rapidly progressive renal failure,
glomerulonephritis and polycystic kidney dis-
ease. According to the urine albumin–creatin-
ine ratio (UACR),27 to investigate the role of
urineZAGconcentration in the early stages of
diabetic nephropathy, patients with T2DM
were stratified into a normal albuminuria
group (UACR< 30mg/g), microalbuminuria
group (30mg/g�UACR< 300mg/g) and
macroalbuminuria group (UACR� 300mg/
g). The normal albuminuria groupwas further
divided into a normal eGFR group
(eGFR< 120ml/min per 1.73m2) and a
higher eGFR group (eGFR� 120ml/min
per 1.73m2).

The study also recruited healthy volun-
teers who were attending a clinic for routine
examination at The Second Affiliated
Hospital of Dalian Medical University,
Dalian, Liaoning Province, China.

This study was approved by the Ethics
Committee of The Second Affiliated Hospital
of Dalian Medical University (no. 2014-86).
All study participants provided written
informed consent before they were recruited
into the study.

Anthropometric and biochemical
measurements

Standard anthropometric (height, weight,
body mass index [BMI]), clinical (systolic
and diastolic blood pressures) and laboratory
biochemical analyses were performed. All
participants were required to fast for 12 h
overnight before their blood and urine sam-
ples were taken. Blood (5ml) was drawn
under aseptic conditions from the cubital vein
in themorning after the overnight fast. Serum
(2–3ml) was separated in a –4�C centrifuge at
3000g for 20min (GDXL-16D; Kaihang
Instrument Company, Changzhou, China).

Urine samples (10ml) were collected in the
morning after the overnight fast. Serum and
urine samples were stored at �80�C until
processed. Serum samples were analysed for
total cholesterol, high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), triglycerides, glucose,
high-sensitivity C-reactive protein (hsCRP),
creatinine and blood urea nitrogen (BUN),
using an automated biochemical analyser
(ADVIA� 1800 Clinical Chemistry System;
Erlangen, Germany). Urine samples were
analysed for albuminuria and urine creatinine
using an automated biochemical analyser
(ADVIA� 1800 Clinical Chemistry System).
UACR were calculated by dividing the
concentration of urine albumin by the
concentration of urine creatinine; eGFR
was calculated using the formula of
MDRD.26 Serum and urine concentrations
of ZAGwere determinedwith a commercially
available enzyme-linked immunosorbent
assay (ELISA; BioVendor – Laboratornı́
Medicı́na, Brno, Czech Republic) according
to the manufacturer’s instructions. The con-
centration of urine ZAG (mg/g) was calcu-
lated by dividing the urine concentration of
ZAG by the concentration of urine creatin-
ine. The minimum detectable concentration
was 0.1 mg/l for ZAG. Intra- and interassay
coefficients of variation for all ELISA were
<10 % and <15 %, respectively.

Statistical analyses

All statistical analyses were performed using
the SPSS� statistical package, version 17.0
(SPSS Inc., Chicago, IL, USA) for
Windows�. All data were presented as
mean� SD. Spearman’s rank correlation
coefficient analysis was used to establish
the association between ZAG concentra-
tions and the other parameters. The com-
parison of ZAG serum and urine
concentrations among the different groups
was performed by either Student’s t-test
or one-way analysis of variance.
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A P-value< 0.05 was considered to be stat-
istically significant.

Results

A total of 20 healthy control subjects (12
male and eight female; mean�SD age,
51.6� 8.6 years) and 80 patients with
T2DM (42 male and 38 female; mean� SD
age 56.7� 9.5 years) were enrolled in this
study. Demographic and clinical characteris-
tics of the two groups are presented in
Table 1. Mean serum concentrations of
ZAG were significantly higher in patients
with T2DM compared with healthy control
subjects (P< 0.01). According to Spearman’s
rank correlation coefficient analysis, the
serum ZAG concentration was positively
correlated with serum creatinine (r¼ 0.275,
P¼ 0.034) and eGFR (r¼ 0.262, P¼ 0.042),
but not with glucose, cholesterol, triglycer-
ides, HDL-C, LDL-C, hsCRP or BMI.

Mean urine concentrations of ZAG were
significantly higher in patients with T2DM
compared with healthy control subjects
(P< 0.01) (Table 1). According to
Spearman’s rank correlation coefficient ana-
lysis, the urine ZAG concentration was
positively correlated with albuminuria
(r¼ 0.824, P< 0.01) (Figure 1). There was
no relationship between urinary ZAG con-
centration and eGFR, serum creatinine,
BMI, hsCRP and age.

According to the UACR, patients with
T2DM were stratified into a normal
albuminuria group (UACR< 30mg/g,
n¼ 40), microalbuminuria group (30mg/
g�UACR< 300mg/g, n¼ 20) and macro-
albuminuria group (UACR� 300mg/g,
n¼ 20). There was no significant difference
in mean� SD urine ZAG concentrations
between patients in the normal albuminuria
group and healthy control subjects.
Mean� SD urine concentrations of ZAG in

Table 1. Demographic and clinical characteristics of patients with type 2 diabetes mellitus (n¼ 80) and

healthy control subjects (n¼ 20) who participated in a study to determine the role of zinc-alpha-2-

glycoprotein (ZAG) in the early diagnosis of diabetic nephropathy.

Characteristic

Healthy control

subjects n¼ 20

Patients with type 2

diabetes mellitus n¼ 80

Age, years 51.6þ 8.6 56.7þ 9.5

Sex, male/female 12/8 42/38

Fasting blood glucose, mmol/l 5.61þ 0.29 9.09þ 2.67a

Blood urea nitrogen, mmol/l 5.24þ 0.65 7.71þ 3.87a

Creatinine, mmol/l 75.75þ 18.79 85.22þ 27.32a

Body mass index, kg/m2 25.34þ 3.21 26.27þ 3.35

Cholesterol, mmol/l 4.48þ 0.44 4.93þ 0.96b

Triglycerides, mmol/l 1.30þ 0.64 1.77þ 0.90b

HDL-C, mmol/l 1.19þ 0.20 1.11þ 0.24

LDL-C, mmol/l 2.78þ 0.30 2.90þ 0.67b

hsCRP, mg/l 1.26þ 1.17 1.99þ 1.36b

eGFR, ml/min per 1.73 m2 109.51þ 19.13 105.51þ 39.19

Serum ZAG, mg/l 21.61þ 8.83 38.29þ 22.72a

Urine ZAG, mg/gc 28.17þ 10.64 53.64þ 29.48a

Data presented as mean� SD.
aP< 0.01, bP< 0.05, compared with control group; Student’s t-test.
cLevel of urine ZAG (mg/g) calculated by dividing the urine concentration of ZAG by the concentration of urine creatinine.

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive

protein; eGFR, estimated glomerular filtration rate.
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patients in the microalbuminuria (78.15�
25.52mg/g) and macroalbuminuria groups
(90.68� 32.57mg/g) were almost two-to-
three-fold higher compared with those in
healthy control subjects (P< 0.01) (Figure 2).

Patients with T2DM in the normal albu-
minuria group (UACR< 30mg/g, n¼ 40)
were further stratified into a normal eGFR
group (eGFR< 120ml/min per 1.73m2,
n¼ 20) and a higher eGFR group
(eGFR� 120ml/min per 1.73m2, n¼ 20).
Mean� SD urine concentrations of ZAG
were significantly increased in patients with
T2DM and a higher eGFR compared with
patients with T2DM and a normal eGFR
(41.26� 13.67mg/g versus 32.05� 8.55mg/g,

respectively; P< 0.05) (Figure 3). There was
no significant difference between patients
with T2DMwith a normal eGFRand healthy
control subjects.

Discussion

Microalbuminuria is considered to be the
earliest clinical manifestation of the onset of
diabetic nephropathy.3 Diabetic nephropa-
thy affects all of the cellular components in
the glomeruli and renal tubular intersti-
tium.4 As glomerular damage usually results
in proteinuria, much research has been
undertaken on glomerular damage in
patients with T2DM.28 However, some

Figure 1. Spearman’s rank correlation coefficient analysis of the association between urine zinc-alpha-2-

glycoprotein (ZAG) concentration and urine albumin–creatinine ratio (UACR) in patients with type 2 diabetes

mellitus (n¼ 80) who participated in this study to determine the role of ZAG in the early diagnosis of diabetic

nephropathy. r¼ 0.824, P< 0.01.
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Figure 2. Urine zinc-alpha-2-glycoprotein (ZAG) concentrations in patients with type 2 diabetes mellitus

(n¼ 80), stratified according to urine albumin–creatinine ratio (UACR) into a normal albuminuria group

(UACR< 30 mg/g, n¼ 40), microalbuminuria group (30 mg/g�UACR< 300 mg/g, n¼ 20), and macroalbu-

minuria group (UACR� 300 mg/g, n¼ 20), compared with healthy control subjects (n¼ 20). Data presented

as mean� SD. *P< 0.01 compared with healthy control group; one-way analysis of variance.

Figure 3. Urine zinc-alpha-2-glycoprotein (ZAG) concentrations in patients with type 2 diabetes mellitus in

a normal albuminuria group (n¼ 40), stratified according to estimated glomerular filtration rate (eGFR) into a

normal eGFR group (eGFR< 120 ml/min per 1.73 m2, n¼ 20) and a higher eGFR group (eGFR� 120 ml/min

per 1.73 m2, n¼ 20) compared with healthy control subjects (n¼ 20). Data presented as mean� SD. *P< 0.05

compared with normal eGFR group; one-way analysis of variance.
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patients with diabetes can experience a
decrease in eGFR and may progress to
end-stage renal disease without having any
significant albuminuria.29 Similarly, some
patients with microalbuminuria have
advanced renal pathological changes for
which therapy is less effective than one
might usually expect for those with early
stage disease.28,29 The correlation between
albuminuria and eGFR has been found to
be weak and urinary albumin lacks both
sensitivity and specificity to detect early
stages of diabetic nephropathy.29

The proximal tubules in the kidneys
are particularly susceptible to diabetes-
associated injury as they are subjected to
prolonged exposure to various metabolic and
haemodynamic perturbations.5In chronic
cases of diabetic nephropathy, renal function
correlates better with the degree of tubuloin-
terstitial injury than the degree of glomerular
lesions,5,30,31 suggesting that research should
perhaps focus on tubular biomarkers to
predict renal damage in patients with early
diabetic nephropathy. Several tubular urin-
ary biomarkers have been investigated, such
as neutrophil-gelatinase associated lipocalin,
kidney injury molecule 1 and liver-fatty acid-
binding protein.7

In this present study, urine concentra-
tions of ZAG were significantly increased in
patients with T2DM compared with healthy
control subjects. The urine concentration of
ZAG correlated positively with UACR and
presented earlier than albuminuria, as
demonstrated by the heightened urine
ZAG concentrations in patients who had
normal albuminuria but who were in the
higher eGFR group. These novel findings
suggest that increased urine ZAG concen-
trations might reflect renal damage earlier
than microalbuminuria in patients with dia-
betic nephropathy and that it might be a
potential new biomarker of this diabetic
complication.

Jain et al.22 showed that ZAG is one of
the additional proteins identified in urine

samples from patients with diabetes who
also have microalbuminuria. These proteins
could potentially be used as biomarkers for
the specific and accurate clinical analyses of
diabetic nephropathy. A proteomic study
speculated that increased urinary ZAG
concentrations might be related to the
pathogenesis of a nonalbuminuric variant
of diabetic nephropathy.32 As ZAG is
mainly expressed in the proximal convoluted
and straight tubules,24 the changes in urine
ZAG concentrations observed in the present
study might be indicative of the tubular
damage that is present in the earlier stages of
diabetic nephropathy, ahead of those that
result in microalbuminuria.

The pathophysiological role of ZAG in
renal tubules remains unknown. ZAG
expression is increased in the proximal tubu-
lar cells of aged mice.33 The addition of
recombinant ZAG to primary tubular epi-
thelial cell cultures decreased proliferation,
whereas knockdown of ZAG increased cell
proliferation.33 In vivo, systemic small inter-
ference RNA increased the rate of tubular
epithelial cell proliferation after renal ischae-
mia/reperfusion in aged mice, but also
increased parenchymal fibrosis.33 It is unclear
whether the ZAG found in the urine is
filtrated through the glomeruli or actively
secreted by the tubular epithelial cells. The
present study found that the concentration of
ZAG in urine was higher than that in serum,
especially in patients with T2DM, which
suggests that the increased urine concentra-
tions of ZAG were mainly due to increased
ZAG secretion by tubular epithelial cells.
Further research is required to determine
whether this is the case.

This present study had a number of
limitations. First, the cross-sectional obser-
vational design did not allow for the deter-
mination of a cause–effect relationship
between urine concentrations of ZAG and
diabetic nephropathy. Secondly, the absence
of renal biopsies prevented both the accurate
diagnosis of diabetic nephropathy and the
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immunohistochemical evaluation of the
expression levels of ZAG in the kidney,
which in turn meant that the source of the
elevated urinary concentrations of ZAG
could not be determined. Thirdly, the lack
of a sample-size calculation was a further
limitation, which may impact on the con-
clusions drawn. Large-scale prospective stu-
dies and animal experiments are needed to
comprehensively understand the potential
pathophysiological role of ZAG in diabetic
nephropathy.

In conclusion, this present study provides
preliminary clinical evidence supporting the
pathophysiological role of ZAG in diabetic
nephropathy. The strong positive association
between urinary ZAG concentration and
UACR, and the earlier appearance of urine
ZAG compared with albuminuria, suggest
that ZAG might be a potentially useful
biomarker for the early diagnosis of diabetic
nephropathy, in patients with T2DM.
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