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Zinc alpha 2 glycoprotein as an early biomarker of diabetic 
nephropathy in patients with type 2 diabetes mellitus

Zinco-alfa2-glicoproteina (ZAG) como biomarcador precoce de 
nefropatia diabética em pacientes com diabetes mellitus tipo 2

Introdução: Embora a microalbuminúria 
continue sendo o padrão ouro para a detec-
ção precoce da nefropatia diabética (ND), 
ela não é um preditor suficientemente pre-
ciso do risco de ND. Assim, novos bio-
marcadores para prever mais precocemen-
te o risco de ND e possivelmente evitar a 
ocorrência de doença renal terminal estão 
sendo investigados. Objetivo: Investigar 
a zinco-alfa2-glicoproteína (ZAG) como 
marcador precoce de ND em pacientes com 
debates mellitus tipo 2 (DM2). Métodos: 
Os 88 indivíduos incluídos foram divididos 
em quatro grupos: grupo controle (Grupo 
I), composto por voluntários saudáveis 
normais; e três grupos de pacientes com 
DM2 assim divididos: grupo normoalbu-
minúria (Grupo II), subdivididos em TFG 
normal e TFG > 120 mL/min/1,73 m2), gru-
po microalbuminúria (Grupo III) e grupo 
macroalbuminúria (Grupo IV). Todos fo-
ram submetidos a urinálise e exames para 
determinar glicemia, HbA1c, função he-
pática, creatinina sérica, ácido úrico, perfil 
lipídico, cálculo da TFG, relação albumina/
creatinina (RAC) e dosagem urinária e séri-
ca de ZAG. Resultados: Os níveis séricos e 
urinários de ZAG foram mais elevados nos 
pacientes com DM2 em comparação aos 
controles. Foi identificada diferença estatis-
ticamente significativa entre os grupos estu-
dados em relação aos níveis séricos e uriná-
rios de ZAG. Os níveis urinários de ZAG 
foram positivamente correlacionados com 
a RAC. Ambos os níveis de ZAG foram ne-
gativamente correlacionados com TFG. Os 
níveis urinários de ZAG no subgrupo com 
TFG ˃ 120 mL/min/1,73m2 foram maio-
res do que no subgrupo com TFG normal. 
Conclusão: Constatamos que a ZAG séri-
ca e urinária pode ser um útil biomarcador 
precoce para detecção de ND em pacientes 
com DM2, sendo detectável mais precoce-
mente que microalbuminúria.

Resumo

Introduction: Although microalbumin-
uria remains the gold standard for early 
detection of diabetic nephropathy (DN), 
it is not a sufficiently accurate predic-
tor of DN risk. Thus, new biomarkers 
that would help to predict DN risk ear-
lier and possibly prevent the occurrence 
of end-stage kidney disease are being in-
vestigated. Objective: To investigate the 
role of zinc-alpha-2-glycoprotein (ZAG) 
as an early marker of DN in type 2 dia-
betic (T2DM) patients. Methods: 88 per-
sons were included and classified into 4 
groups: Control group (group I), com-
posed of normal healthy volunteers, and 
three patient groups with type 2 diabetes 
mellitus divided into: normo-albuminuria 
group (group II), subdivided into normal 
eGFR subgroup and increased eGFR sub-
group > 120 mL/min/1.73m2), microalbu-
minuria group (group III), and macroal-
buminuria group (group IV). All subjects 
were submitted to urine analysis, blood 
glucose levels, HbA1c, liver function tests, 
serum creatinine, uric acid, lipid profile 
and calculation of eGFR, urinary albumin 
creatinine ratio (UACR), and measure-
ment of urinary and serum ZAG. Results: 
The levels of serum and urine ZAG were 
higher in patients with T2DM compared 
to control subjects and a statistically sig-
nificant difference among studied groups 
regarding serum and urinary ZAG was 
found. Urine ZAG levels were positively 
correlated with UACR. Both ZAG levels 
were negatively correlated with eGFR. 
Urine ZAG levels in the eGFR ˃ 120 mL/
min/1.73m2 subgroup were higher than 
that in the normal eGFR subgroup. Con-
clusion: These findings suggest that urine 
and serum ZAG might be useful as early 
biomarkers for detection of DN in T2DM 
patients, detectable earlier than microal-
buminuria.
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Introduction

Diabetic nephropathy is associated with mortality 
and morbidity in patients with diabetes mellitus.1 
The most common method of detecting the early 
signs of diabetic nephropathy is the measurement 
of microalbuminuria.2 However, pathological ab-
normalities have been reported to occur before the 
onset of microalbuminuria.3 In chronic cases of dia-
betic nephropathy, renal function correlates better 
with the degree of tubulointerstitial injury rather 
than with glomerular lesions, suggesting that rese-
archers should look for tubular biomarkers in or-
der to identify patients with diabetic nephropathy.4 
There has been an increasing interest in identifying 
other biomarkers that might give a sensitive and 
rapid means of detecting the progression of diabe-
tic nephropathy. In this aspect, biomarkers that re-
flect tubular damage have been suggested by many 
investigators.5,6

Zinc-alpha-2-glycoprotein (ZAG) is a protein of 
interest because of its ability to play many important 
functions in the human body, including fertilization 
and lipid mobilization. Its structural organization and 
folding characteristics are similar to the MHC class I 
antigen-presenting molecule; hence, ZAG may have 
a role in the immune response. The function of ZAG 
under physiologic and cancerous conditions remains 
mysterious; however, it is considered a tumor bioma-
rker for various carcinomas. There are several un-
related functions attributed to ZAG, such as RNase 
activity, regulation of melanin production, hindering 
of tumor proliferation, and transport of nephritic 
by-products7.

ZAG is present in a variety of epithelia and is 
secreted into many body fluids.8 It was found that 
urine ZAG increased specifically in patients with 
diabetes and it may be used as a biomarker for spe-
cific and accurate analysis of diabetic nephropathy.9 
Immunohistochemical analyses have shown that 
ZAG is expressed mainly in the tubules of the human 
kidney.10

We hypothesized that the urine and serum con-
centrations of ZAG might increase earlier than mi-
croalbuminuria in diabetic nephropathy. This stu-
dy aimed to determine the role of ZAG in the early 
diagnosis of diabetic nephropathy by estimating the 

concentrations of urine and serum ZAG in patients 
with type 2 diabetes mellitus (T2DM), according to 
their levels of albuminuria.

Subjects and methods

Study design:

This was a case-control study carried out in the 
Internal Medicine and Clinical Pathology depart-
ments, Faculty of Medicine, Zagazig University, from 
December 2017 to August 2018.

Participants and groups:

A total of 88 persons were included after their written 
informed consent and classified into 4 main groups. 
Control group (group I) were normal healthy volun-
teers (n = 22). The three T2DM patient groups were 
divided according to urinary albumin/creatinine ra-
tio (UACR) into: normo-albuminuria group (group 
II) (UACR < 30 mg/g, n = 22, further subdivided 
according to eGFR into 2 subgroups: normal eGFR 
subgroup and increased eGFR subgroup > 120mL/
min/1.73m2), DN group with microalbuminuria 
(group III, UACR from 30 to 300 mg/g, n = 22) and 
DN with macroalbuminuria (group IV, UACR > 300 
mg/g, n = 22). All groups were matched for age, sex, 
and body mass index. 

Exclusion criteria:

Patients with hepatic diseases, heart failure, thyroid 
disorders, autoimmune diseases, inflammatory con-
ditions and sepsis, malignancy, renal impairment of 
known origin, urinary tract infections, past history of 
rapidly progressive renal failure, any type of glomeru-
lonephritis, and patient with polycystic kidney were 
excluded from the study. 

Physical examination and measurements: 

All subjects in the study were subjected to A) assess-
ment of medical history and thorough clinical exami-
nation according to patients’ records; B) routine in-
vestigations according to the methods applied in the 
clinical pathology laboratories of Zagazig University 
hospitals including urine analysis, complete blood 
count, fasting and random blood glucose levels, 
HbA1c, liver function tests, serum creatinine, urea, 
uric acid, lipid profile and calculation of eGFR. The 
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modification of diet in renal disease (MDRD) equa-
tion was used for eGFR (mL/min/1.73 m2): 175 x 
(Scr)-1.154 x (Age)-0.203 x (0.742 if female)11. The uri-
ne albumin was divided by 100 to convert mg/dL to 
g/L and then the urine albumin value was divided by 
the urine creatinine value to albumin creatinine ra-
tio (UACR) (mg/g) (urine albumin (mg/L) x100/ uri-
ne creatinine (mg/dL)). UACR was reported as (mg 
albumin/g creatinine)12. C) Specific investigations in-
cluded measurement of urinary and serum ZAG by 
human ZAGp1 (Zinc-alpha-2-glycoprotein) ELISA 
Kit (Spanbiotec, Guandong, China). D) Other inves-
tigations included electrocardiogram and abdominal 
ultrasound.

Statistical analysis

The collected data were computerized and statis-
tically analyzed using SPSS program (Statistical 
Package for Social Science) version 18.0. Qualitative 
data were presented as frequencies and relative per-
centages. Chi-square test was used to calculate diffe-
rence between qualitative variables. Quantitative data 
were presented as mean ± SD (standard deviation). 
Independent T-test was used to compare differences 
between quantitative variables in two groups with 
normally distributed data. ANOVA F-test test was 
used to compare differences between quantitative va-
riables in more than two groups with normally distri-
buted data. Kruskal Wallis test was used to compare 
differences between quantitative variables in more 
than two groups with non-normally distributed data. 
Pearson correlation coefficient was used to calculate 
correlation between quantitative variables. Receiver 
operating characteristic (ROC) curve analysis was 
used to identify optimal cut-off values of Vnn-1 with 
maximum sensitivity and specificity for prediction of 
the disease. Accuracy was measured by the area under 
the ROC curve. p-values > 0.05 indicated non-signifi-
cant results, < 0.05 indicated significant results and < 
0.01 indicated highly significant results.

Results

Our results showed that there was no significant di-
fference among groups regarding age, weight, and sex 
while there was a significant difference regarding the 
duration of diabetes mellitus (Table 1). We found sig-
nificant differences among groups regarding fasting 

blood glucose (FBG), random blood glucose (RBG), 
HbA1C, serum creatinine, eGFR, urinary albumin/
creatinine ratio, serum albumin, and total plasma 
proteins (Table 2). There were significant differen-
ces among groups regarding both urinary and serum 
ZAG and estimated GFR (Table 3). Table 3 shows 
the number and percentage of subjects according to 
eGFR in all groups. There was a significant positive 
correlation between both urinary and serum ZAG and 
duration of DM, UACR, and with each other, while 
a negative significant correlation was found between 
both urinary and serum ZAG and serum albumin, to-
tal plasma proteins, and eGFR (Table 4). There was 
a significant increase in serum and urinary ZAG in 
cases with eGFR > 120 mL/min when compared to 
cases with normal eGFR (90 to 120 mL/min) in the 
normoalbuminuric group II (Table 5). The accuracy 
of urinary ZAG was 95.5%, and that of serum ZAG 
was 90.9%; considering both of them, the accuracy 
was 95.5% (Table 6 & Figure 1).

Discussion

Microalbuminuria is considered the earliest clinical 
manifestation of DN.3 DN affects all cellular compo-
nents in the glomeruli and renal tubular interstitium.4 
As glomerular damage usually results in proteinuria, 
much research has been undertaken on glomerular 
damage in patients with T2DM.13 However, some 
patients with diabetes can have a decrease in eGFR 
and may progress to end-stage renal disease without 
having any significant albuminuria.14 Some patients 
with microalbuminuria have advanced renal patholo-
gical changes for which therapy is less effective than 
one might usually expect for those with early stage 
disease.13,14 The correlation between albuminuria and 
eGFR has been found to be weak and urinary albu-
min lacks both sensitivity and specificity to detect ear-
ly stages of DN.14

Several tubular biomarkers that can predict renal 
damage in patients with early diabetic nephropathy 
have been investigated, such as neutrophil-gelatinase 
associated lipocalin, kidney injury molecule 1, and li-
ver fatty acid binding protein.7

Our study aimed to investigate the role of ZAG 
in early diagnosis of DN by estimating the concen-
trations of urine and serum ZAG in patients with 
T2DM, according to their levels of albuminuria.
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p-value < 0.05 is significant. DM: diabetes mellitus, SD: standard deviation

Variable
Group I 
(n = 22)

Group II 
(n = 22)

Group III 
(n = 22)

Group IV 
(n = 22)

F p

Age (years) Mean ± 
SD

51 ± 6.62 51 ± 6.91 51 ± 6.29 51 ± 5.76 0.01 0.99

Weight (Kg): Mean ± 
SD

80.36 ± 7.65 79.59 ± 9.42 81.18 ± 9.12 80.95 ± 6.59 0.16 0.92

DM Duration (years) 
Mean ± SD

------- 4.59 ± 0.95 7.91 ± 0.97 12.68 ± 2.82 111.62 < 0.001

Variable No % No % No % No % χ2 p

Sex

Male 13 59.1 11 50 12 54.5 13 59.1
0.51 0.92

Female 9 40.9 11 50 10 45.5 9 40.9

Table 1	C omparison of different variables among the study groups

Table 2	C omparison of different variables among the study groups

Variable
Group I 
(n = 22)

Group II 
(n = 22)

Group III 
(n = 22)

Group IV 
(n = 22)

F p

FBG: (mg/dl) 
Mean ± SD

79.89 ± 13.51 131.36 ± 56.65 141.82 ± 73.37 150.89 ± 94.83 6.354 0.001

RBG: (mg/dl) 
Mean ± SD

92.07 ± 8.23 160.93 ± 93.86 194.64 ± 98.85 180.14 ±66.26 10.020 < 0.001

HbA1c: (%)  
Mean ± SD

5.19 ± 0.335 7.77 ± 1.74 8.64 ± 1.49 8.49 ± 1.18 18.428 < 0.001

S. uric acid: (mg/
dl) Mean ± SD

5.28 ± 1.09 4.63 ± 1.03 4.71 ± 1.07 4.97 ± 1.17 1.59 0.2

S. Cr: (mg/dL)  
Mean ± SD

0.882 ± 0.136 1.13 ± 0.533 3.48 ± 1.16 5.45 ± 2.91 45.749 < 0.001

eGFR: (mL/min)  
Mean ± SD

108.73 ± 7.11 124.09±11.23 98.86 ± 3.85 82.36 ± 4.87 125.43 < 0.001

UACR: (mg/g)  
Mean ± SD

20.4 ± 5.11 20.72 ± 5.37 77.74 ± 28.93 383.55 ± 61.59 569.05 < 0.001

Albumin: (g/dL)  
Mean ± SD

4.53 ± 0.66 4.15 ± 0.54 4.19 ± 0.58 3.31 ± 0.08 22.06 < 0.001

T. protein: (g/dL)  
Mean ± SD

7.26 ± 0.55 7.12 ± 0.52 7.21 ± 0.54 6.39 ± 0.09 16.85 < 0.001

FBG: fasting blood glucose, RBG: random blood glucose, HbA1C: glcosylated hemoglobin, S. Cr: serum creatinine, eGFR: estimated glomerular 
filtration rate, UACR: urinary albumin creatinine ratio, p-value < 0.05 is significant. 

Variable
Group I 
(n = 22)

Group II 
(n = 22)

Group III 
(n = 22)

Group IV 
(n = 22)

F p

Urinary ZAG: (mg/g) 
Mean ± SD

26.91 ± 2.41 36.86 ± 3.76 46.09 ± 2.31 56.73 ± 2.62 444.93 < 0.001

Serum ZAG: (mg/l) 
Mean ± SD

20.27 ± 1.52 24.55 ± 1.68 32.23 ± 2.11 40.82 ± 1.89 545.43 < 0.001

eGFR: No % No % No % No % χ2 p

< 90 0 0 0 0 0 0 19 86.4

90 - 120 22 100 8 36.4 22 100 3 13.6 119.7 < 0.001

> 120 0 0 14 63.6 0 0 0 0

Table 3	C omparison of eGFR, and urinary and serum ZAG among the studied groups

ZAG: zinc-alpha-2-glycoprotein, eGFR: estimated glomerular filtration rate, p-value < 0.05 is significant.
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Variable
Urinary ZAG 

(n = 66)
Serum ZAG 

(n = 66)

r p r p

Age (years) 0.06 0.63 0.002 0.98

Weight 0.13 0.31 0.07 0.56

Duration of DM (years) 0.88 < 0.001 0.86 < 0.001

Albumin (g/dL) -0.51 < 0.001 -0.52 < 0.001

Total protein (g/dL) -0.49 < 0.001 -0.47 < 0.001

FBS: (mg/dL) 0.04 0.74 0.03 0.84

RBG: (mg/dL) -0.02 0.9 -0.02 0.99

HbA1c: (%) -0.08 0.51 -0.02 0.86

eGFR: (mL/min) -0.78 < 0.001 -0.87 < 0.001

Uric acid: (mg/dL) 0.16 0.2 0.12 0.34

Creatinine:(mg/dL) 0.15 0.23 0.08 0.46

UACR: (mg/g) 0.86 < 0.001 0.89 < 0.001

Urinary ZAG: (mg/g) ----- ------ 0.93 < 0.001

Serum ZAG: (mg/L) 0.93 < 0.001 ------ -----

Table 4	C orrelation between both urinary and serum ZAG and different variables among the three patients 	
	 groups

DM: diabetes mellitus, FBG: fasting blood glucose, RBG: random blood glucose, HbA1C: glycosylated hemoglobin, S.Cr: serum creatinine, eGFR: 
estimated glomerular filtration rate, UACR: urinary albumin creatinine ratio, ZAG: zinc-alpha-2-glycoprotein, p-value < 0.05 is significant.

Table 5	R elation between urinary and serum ZAG and eGFR in Group II and Group IV

Variable
Group II

t pGFR 90 - 120  
(n = 8)

GFR > 120  
(n = 14)

Urinary ZAG: (mg/g) 
Mean ± SD

32.63 ± 2.77 39.29 ± 1.14 7.99 < 0.001

Serum ZAG: (mg/L) 
Mean ± SD

24.38 ± 1.51 26.44 ± 1.82 2.71 0.01

Variable
Group IV

t pGFR < 90  
(n = 19)

GFR 90 - 120  
(n = 3)

Urinary ZAG: (mg/g) 
Mean ± SD

56.63 ± 2.69 57.33 ± 2.52 0.42 0.78

Serum ZAG: (mg/L) 
Mean ± SD

40.37 ± 1.61 41.67 ± 0.58 1.36 0.19

ZAG: zinc alpha 2 glycoprotein, p-value < 0.05 is significant

Table 6	V alidity of Urinary and serum ZAG in prediction of albuminuria

Variable Cutoff AUC Sens. Spec. +PV -PV Accuracy p-value

Urinary ZAG ≥ 28.5 0.99 98.5 86.4 95.6 95 95.5 < 0.001

Serum ZAG ≥ 22.5 0.99 97 72.7 91.4 88.9 90.9 < 0.001

Both -- 0.99 97 90.9 96.9 90.9 95.5 < 0.001
ZAG: zinc alpha 2 glycoprotein, NPV: negative predictive value, PPV: positive predictive value, p-value < 0.05 is significant.
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Because our groups were matched regarding age, 
body weight and sex, the effect of these factors on 
the results of urinary and serum ZAG in our study 
were excluded. A significant difference was found re-
garding the duration of T2DM which is in agreement 
with other studies that found a significant difference 
between normo- and microalbuminuric groups regar-
ding duration of diabetes mellitus.15-17

The results for FBG, RBG, HbA1C, serum creati-
nine, eGFR, urinary albumin/creatinine ratio, serum 
albumin and total plasma proteins were in agreement 
with another study, which documented a significant 
difference between both diabetic groups regarding 
the previous parameters.18 Another study reported 
that progression of diabetic nephropathy was accom-
panied by declining GFR and increasing urinary al-
bumin excretion.19 We found that serum albumin in 
Group IV was statistically decreased compared to the 
other groups, which is in line with another study that 
found that serum albumin was significantly lower in 
the macroalbuminuric group of DN patients20.

A significant difference between control and nor-
mo-albuminuric groups was found as for GFR by 
MDRD. These results were demonstrated by other 
studies21-23. This can be explained by the pathogenesis 

of diabetic nephropathy, as there is hyperfiltration in 
stage 1 due to an imbalance in afferent and efferent 
arteriolar resistance, resulting in increased glomerular 
hydrostatic pressure and hyperfiltration. Activation 
of the renin-angiotensin system (RAS) increases an-
giotensin II levels, leading to efferent arteriolar vaso-
constriction and production of proinflammatory and 
profibrotic molecules through multiple mechanisms.24

Regarding GFR, other studies also found signifi-
cant difference between control and normo-albumi-
nuric patients (high eGFR subgroup), being lower in 
the normoalbuminuric group.25,26 On the other hand, 
our study found significant differences regarding GFR 
by MDRD between control and micro-albuminuric 
groups, which is in line with another study that repor-
ted that albuminuria is the strongest risk factor for 
fast annual eGFR decline.27

In our study, a significance differences was found 
among studied groups in both urinary and serum ZAG 
levels. The increase of urinary ZAG in diabetic groups 
is the result of the proximal tubules in the kidneys 
being particularly susceptible to diabetes-associated 
injury, as they are subjected to prolonged exposure to 
various metabolic and hemodynamic disturbances.28 
In prolonged cases of DN, renal function correlates 

Figure 1. Roc curve for Validity of urinary and serum ZAG in prediction of albuminuria.



Braz. J. Nephrol. (J. Bras. Nefrol.) 2019;41(4):509-517

Zinc alpha 2 glycoprotein in diabetic nephropathy

515

better with the degree of tubulointerstitial injury than 
the degree of glomerular lesions.29

As ZAG is mainly expressed in the proximal con-
voluted and straight tubules,10 the changes in ZAG 
urine concentrations observed in our study might be 
indicative of the tubular damage that is present in ear-
lier stages of diabetic nephropathy, preceding those 
that result in microalbuminuria.

Another study reported that the concentration of 
ZAG in urine was higher than that in serum, espe-
cially in patients with T2DM, which suggests that the 
increased urine concentrations of ZAG were mainly 
due to increased ZAG secretion by tubular epithelial 
cells.30 Other studies demonstrated that urine ZAG 
levels were progressively increased in diabetic patients 
with normo-, micro-, and macroalbuminuria indica-
ting that it is positively related with diabetes nephro-
pathy progression.31

Moreover, other studies indicated that the appea-
rance of ZAG in albumin-negative urine samples pre-
ceded the appearance of albumin in T2DM patients 
from South Asia, suggesting that ZAG may be an ear-
ly novel urinary biomarker useful for the screening of 
non-albuminuric DN.32

In our study there were significant positive corre-
lations between both urinary and serum ZAG and du-
ration of DM, UACR, and with each other. Negative 
significant correlation was found between both uri-
nary and serum ZAG and albumin, total plasma pro-
teins and eGFR, in contrast with another study that 
reported an inverse relationship between ZAG levels 
and plasma proteins.33

We found that urine concentrations of ZAG were 
significantly increased in patients with T2DM with 
higher eGFR compared with T2DM patients with 
normal eGFR.

The serum ZAG concentration was positively cor-
related with eGFR but not with glucose levels, body 
weight and serum creatinine, which is in agreement 
with another study.30

Conclusion

The strong positive association between urinary ZAG 
concentrations and UACR, and the earlier appearan-
ce of urine ZAG compared with albuminuria, suggest 
that ZAG might be a useful biomarker for the early 
diagnosis of DN in patients with T2DM.

Large-scale prospective studies are needed 
to comprehensively understand the potential 

pathophysiological role of ZAG in DN and to deter-
mine the cause-effect relationship between urine and 
serum concentrations of ZAG and DN.

Acknowledgments

The authors thank all participants of the study, and 
colleagues and staff of the department.  

References

	 1.	Reutens AT. Epidemiology of diabetic kidney disease. Med 
Clin North Am 2013;97:1-18.

	 2.	Mora-Fernández C, Domínguez-Pimentel V, de Fuentes MM, 
Górriz JL, Martínez-Castelao A, Navarro-González JF. Diabe-
tic kidney disease: from physiology to therapeutics. J Physiol 
2014;592:3997-4012.

	 3.	Fioretto P, Mauer M. Histopathology of diabetic nephropathy. 
Semin Nephrol 2007;27:195-207.

	 4.	Thomas MC, Burns WC, Cooper ME. Tubular changes in early 
diabetic nephropathy. Adv Chronic Kidney Dis 2005;12:177-
86.

	 5.	Tramonti G, Kanwar YS. Review and discussion of tubular bio-
markers in the diagnosis and management of diabetic nephro-
pathy. Endocrine 2013;43:494-503.

	 6.	Matheson A, Willcox MD, Flanagan J, Walsh BJ. Urinary bio-
markers involved in type 2 diabetes: a review. Diabetes Metab 
Res Rev 2010;26:150-71.

	 7.	Hassan MI, Waheed A, Yadav S, Singh TP, Ahmad F. Zinc al-
pha 2-glycoprotein: a multidisciplinary protein. Mol Cancer Res 
2008;6:892-906.  DOI: 10.1158/1541-7786.MCR-07-2195

	 8.	Poortmans JR, Schmid K. The level of Zn-alpha 2-glycoprotein 
in normal human body fluids and kidney extract. J Lab Clin 
Med 1968;71:807-11.

	 9.	Varghese SA, Powell TB, Budisavljevic MN, Oates JC, Ray-
mond JR, Almeida JS, et al. Urine biomarkers predict the cause 
of glomerular disease. J Am Soc Nephrol 2007;18:913-22.

10.	Tada T, Ohkubo I, Niwa M, Sasaki M, Tateyama H, Eimo-
to T. Immunohistochemical localization of Zn-alpha 2-gly-
coprotein in normal human tissues. J Histochem Cytochem 
1991;39:1221-6.

11.	Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. 
A more accurate method to estimate glomerular filtration rate 
from serum creatinine: a new prediction equation. Modifica-
tion of Diet in Renal Disease Study Group. Ann Intern Med 
1999;130:461-70.

12.	Cambiaso CL, Collet-Cassart D, Lievens M. Immunoassay of 
low concentrations of albumin in urine by latex particle coun-
ting. Clin Chem 1988;34:416-8.

13.	Halimi JM. The emerging concept of chronic kidney disease wi-
thout clinical proteinuria in diabetic patients. Diabetes Metab 
2012;38:291-7.

14.	Fu WJ, Li BL, Wang SB, Chen ML, Deng RT, Ye CQ, et 
al. Changes of the tubular markers in type 2 diabetes melli-
tus with glomerular hyperfiltration. Diabetes Res Clin Pract 
2012;95:105-9.

15.	Kundu D, Roy A, Mandal T, Bandyopadhyay U, Ghosh E, 
Ray D. Relation of microalbuminuria to glycosylated hemo-
globin and duration of type 2 diabetes. Niger J Clin Pract 
2013;16:216-20.

16.	Assal HS, Tawfeek S, Rasheed EA, El-Lebedy D, Thabet EH. 
Serum cystatin C and tubular urinary enzymes as biomarkers of 
renal dysfunction in type 2 diabetes mellitus. Clin Med Insights 
Endocrinol Diabetes 2013;6:7-13.

17.	Al-Agha AE, Ocheltree A, Hakeem A. Occurrence of mi-
croalbuminuria among children and adolescents with insulin-
-dependent diabetes mellitus. Saudi J Kidney Dis Transpl 
2013;24:1180-8.



Braz. J. Nephrol. (J. Bras. Nefrol.) 2019;41(4):509-517

Zinc alpha 2 glycoprotein in diabetic nephropathy

516

18.	Chae HW, Shin JI, Kwon AR, Kim HS, Kim DH. Spot urine 
albumin to creatinine ratio and serum cystatin C are effective 
for detection of diabetic nephropathy in childhood diabetic pa-
tients. J Korean Med Sci 2012;27:784-7.

19.	Jeon YK, Kim MR, Huh JE, Mok JY, Song SH, Kim SS, et al. 
Cystatin C as an early biomarker of nephropathy in patients 
with type 2 diabetes. J Korean Med Sci 2011;26:258-63.

20.	Viswanathan V, Snehalatha C, Kumutha R, Jayaraman M. Se-
rum albumin levels in different stages of type 2 diabetic nephro-
pathy. Indian J Nephrol 2004;14:89-92.

21.	Murussi M, Gross JL, Silveiro SP. Glomerular filtration rate 
changes in normoalbuminuric and microalbuminuric Type 2 
diabetic patients and normal individuals A 10-year follow-up. J 
Diabetes Complications 2006;20:210-5.

22.	Tidman M, Sjöström P, Jones I. A Comparison of GFR esti-
mating formulae based upon s-cystatin C and s-creatinine 
and a combination of the two. Nephrol Dial Transplant 
2008;23:154-60.

23.	Gunzler D, Bleyer AJ, Thomas RL, O’Brien A, Russell GB, Sat-
tar A, et al. Diabetic nephropathy in a sibling and albuminuria 
predict early GFR decline: a prospective cohort study. BMC 
Nephrol 2013;14:124.

24.	Huang W, Gallois Y, Bouby N, Bruneval P, Heudes D, Belair 
MF, et al. Genetically increased angiotensin I-converting enzy-
me level and renal complications in the diabetic mouse. Proc 
Natl Acad Sci U S A 2001;98:13330-4.

25.	Lu WN, Li H, Zheng FP, Huang H, Ruan Y. Renal insufficiency 
and its associated factors in type 2 diabetic patients with nor-
moalbuminuria. Zhonghua Nei Ke Za Zhi 2010;49:24-7.

26.	Dwyer JP, Parving HH, Hunsicker LG, Ravid M, Remuzzi G, 
Lewis JB. Renal Dysfunction in the Presence of Normoalbumi-
nuria in Type 2 Diabetes: Results from the DEMAND Study. 
Cardiorenal Med 2012;2:1-10.

27.	Lorenzo V, Saracho R, Zamora J, Rufino M, Torres A. Si-
milar renal decline in diabetic and non-diabetic patients with 
comparable levels of albuminuria. Nephrol Dial Transplant 
2010;25:835-41.

28.	Thomas MC, Burns WC, Cooper ME. Tubular changes in early 
diabetic nephropathy. Adv Chronic Kidney Dis 2005;12:177-
86.

29.	Vallon V, Thomson SC. Renal function in diabetic disease mo-
dels: the tubular system in the pathophysiology of the diabetic 
kidney. Annu Rev Physiol 2012;74:351-75.

30.	Wang Y, Li YM, Zhang S, Zhao JY, Liu CY. Adipokine zinc-
-alpha-2-glycoprotein as a novel urinary biomarker presents 
earlier than microalbuminuria in diabetic nephropathy. J Int 
Med Res 2016;44:278-86.

31.	Rao PV, Lu X, Standley M, Pattee P, Neelima G, Girisesh G, et 
al. Proteomic identification of urinary biomarkers of diabetic 
nephropathy. Diabetes Care 2007;30:629-37.

32.	Jain S, Rajput A, Kumar Y, Uppuluri N, Arvind AS, Tatu U. 
Proteomic analysis of urinary protein markers for accurate pre-
diction of diabetic kidney disorder. J Assoc Physicians India 
2005;53:513-20.

33.	Pelletier CC, Koppe L, Alix PM, Kalbacher E, Croze ML, Hadj-
-Aissa A, et al. The relationship between renal function and 
plasma concentration of the cachectic factor zinc-alpha2-gly-
coprotein (ZAG) in adult patients with chronic kidney disease. 
PLoS One 2014;9:e103475.



Braz. J. Nephrol. (J. Bras. Nefrol.) 2019;41(4):509-517

Zinc alpha 2 glycoprotein in diabetic nephropathy

517

Erratum

In the article “Zinc alpha 2 glycoprotein as an early biomarker of diabetic nephropathy in 
patients with type 2 diabetes mellitus”, with DOI code http://dx.doi.org/10.1590/2175-
8239-jbn-2018-0200, published in the Brazilian Journal of Nephrology, ePub ahead of 
print on March 18, 2019, the name and information of the first author was missing:

In the original version the information was:

Khaled A Elhefnawy1

George Emad1

Mabrouk Ismail1

Maher Borai2

1Faculty of Medicine, Internal Medicine Department, Zagazig University, Egypt.
2Faculty of Medicine, Clinical Pathology Department, Zagazig University, Egypt.

The correct information is:

Mohamed Elsheikh1

Khaled A Elhefnawy1

George Emad1

Mabrouk Ismail1

Maher Borai2

1Faculty of Medicine, Internal Medicine Department, Zagazig University, Egypt.
2Faculty of Medicine, Clinical Pathology Department, Zagazig University, Egypt.


