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Oxidized-LDL, Toll-like receptor 4, Lipocalin2 and2

Omentin1: Role in diabetic nephropathy3

ABSTRACT4

Background: Diabetic nephropathy is the major micro-vascular complication of type 2 diabetes mellitus5
(T2DM) and is the main cause for end-stage kidney disease. In view of metabolic derangements of T2DM,6
we went further to investigate the role played by oxidized low density lipoprotein (ox-LDL), toll like7
receptor 4 (TLR4), lipocalin-2 (LCN2), and omentin-1 in DN. Patients and methods: 15 normo-albuminuria8
T2DM, 15 micro-albuminuria T2DM and 15 macro-albuminuria T2DM in addition to 15 healthy volunteer9
who served as control group were enrolled in this study. Demographic and clinical data were recorded.10
Plasma Ox-LDL, omentin- 1 and urinary LCN2 levels by immunoassy and TLR4 mRNA level with real11
time PCR were assessed. Results: TLR4 gene expression, Plasma ox-LDL, urinary LCN2 levels were12
increased in T2DM cases as compared to their allied control group with the higher values were for macro-13
albuminuria T2DM cases. Meanwhile Plasma omentin-1 level was decreased in T2DM cases when14
compared to their allied control group with least values were for macro-albuminuria T2DM cases. Also15
there were positive correlations between TLR4 mRNA, ox-LDL, omentin 1 level, urinary LCN2 levels and16
serum creatinine, fasting blood glucose, urinary albumin/creatinine ratio. Conclusions: Ox-LDL, TLR4,17
LCN2 and omentin 1 may confer a relevant role in diabetic nephropathy development and progression.18
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omentin 1.20

1. INTRODUCTION21

Diabetes mellitus (DM) is the third serious chronic metabolic disease after cardiovascular disease and22
cancer which is characterized by hyperglycemia, the main precipitating factor for micro and macro-23
vascular complications [1]. Diabetic nephropathy (DN) is one of the micro-vascular diabetic complications24
and is the main cause of end‐stage renal disease (ESRD). Metabolic abnormalities, systemic inflammation25
and oxidative stress associated with type 2 DM (T2DM) are the main player in the pathophysiological26
processes of DN and are facilitated by innate immune responses [2]. Renal infiltration with monocyte,27
macrophages and T lymphocytes in addition to intrinsic renal cells (endothelial, mesangial, glomerular, and28
tubular epithelial cells) are the main sources of cytokines mediating inflammation and renal injury in DM29
[3]. Diagnostic marker to detect DN at early stage is important as early intervention can slow the loss of30
kidney function and reduce adverse outcomes [4].31

Toll-like receptors (TLRs) are transmembrane pattern recognition receptors that recognize conserved32
pathogen-associated molecular patterns to initiate an inflammatory response essential for host defence.33
TLRs also interact with endogenous ligands, such as oxidized- low density lipoprotein (ox-LDL), heat-34
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shock proteins [5]. Lipocalin 2 (LCN2) is a member of the lipocalin family covalently associated with35
matrix metalloproteinase 9 (MMP-9) and is expressed by renal tubular cells, hepatocytes and cells of the36
innate immune system such as polymo rphonuclear neutrophils (PMN) and macrophages. LCN2 has many37
roles as MMP-9 transport and activation, induction of apoptosis, and regulation of the immune response38
[6]. Omentin-1 is an anti-inflammatory adipokine primarily expressed in stromal vascular cells and39
adipocytes of visceral adipose tissue. Omentin-1 has important roles in cellular energy homoeostasis,40
increases insulin signal transduction, regulation of lipid metabolism, involved in stress responses,41
expression of heat shock proteins, T-cell differentiation and apoptosis [7,8]. As DN represents one of the42
most devastating outcomes during the progression of T2DM, early detection strategies to diagnose loss of43
renal function would be of essential to improve quality of life. Therefore, we investigated molecular44
mechanism through ox-LDL, TLR4 and LCN2 axis in addition to omentin1 level that may have role in45
pathogenesis and diagnosis of DN. Also we went further to determine urinary LCN2 to evaluate its role as46
an early noninvasive biomarker of renal damage during the course of DM.47

2. PATIENTS AND METHODS48

2.1. Participants and study design49

All patients have given their informed consent, and the study was institutionally approved by the Research50
Ethical Committee of Faculty of Medicine, Tanta University, Egypt. This current study included forty five51
type 2 diabetic patients who were selected from the Outpatient Clinic, Internal Medicine Department, Tanta52
University Hospitals through the period from April 2015 to October 2015 and were diagnosed according to53
the 1999 World Health Organization (WHO) criteria [9]; 35 of them were receiving oral hypoglycaemic54
agents and 10 were receiving insulin. Diabetic cases were subdivided into three groups according to urinary55
albumin/creatinine ratio (UACR) which was measured by early morning spot urine sample into 3 groups56
[10]:  normo-albuminuria T2DM cases (n=15; 10 female and 5 male) with urinary albumin to creatinine57
ratio (UACR) < 30 mg albumin/g creatinine; micro-albuminuria T2DM cases (n=15; 11 females and 458
males) with UACR = 30-299 mg/g creatinine  and macro-albuminuria T2DM cases (n=15; 10 females and59
5 males) with UACR more than 299 mg/g creatinine in addition to 15 age and sex matched apparently60
healthy individuals without any systemic diseases as diabetes, hypertension, cardiovascular disease, or61
renal insufficiency and they will be served as healthy controls (group I). Subjects with acute illness, liver62
dysfunction, heart failure, malignancy, history of cerebrovascular or cardiovascular disorders and other63
renal disorders were excluded from the study. All subjects enrolled in this study were subjected to full64
clinical history taking, clinical examination and calculation of BMI (weight in kilograms divided by the65
square of the height in meters (kg/m2).66

2.2. Sampling67
Overnight fasting blood samples were obtained from each participant on sterile EDTA treated and plain68
tubes for serum and plasma separation. Serum, plasma and EDTA treated blood were stored at -80°C till69
analysis. First morning mid-stream urine samples were collected, centrifuged and the supernatant was70
stored at −80°C for further analysis.71
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2.3. Biochemical and immunoassays72
Serum lipid profile including triacylglycerol (TAG), total cholesterol (TC), high-density lipoprotein73
cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) were assayed by enzymatic-74
colorimetric method using commercial assay kits (Biodiagnostic., Egypt). Fasting blood glucose (FBS) was75
detected by oxidase method using commercial assay kit (Biodiagnostic., Egypt). Serum/urinary creatinine76
and urea levels were estimated using commercial kits (Diamond Diagnostic, Egypt). Glycated haemoglobin77
(HbA1c) was measured using quantitative colorimetric measurement of glycohemoglobin as percent of78
total hemoglobin using commercial kits  (STANBIO, San Antonio, Texas, USA). Urinary albumin was79
measured using commercial kit (BioSystems Company, Spain). Enzyme-linked immunosorbent assay80
(ELISA) was used to detect plasma ox-LDL level (OxiSelectTM, Cell Biolab Inc., STA-369, CA, USA),81
Urinary LCN2 level (R&D systems, Minneapolis, MN, USA) and plasma omentin 1 level (Avisera82
Bioscience, Inc., USA) using ELISA Reader (Star fax 2001)83

2.4. Molecular assessement84
RNA extraction, cDNA synthesis and real-time PCR for TLR4 gene expression85
Total RNA was extracted from EDTA peripheral blood using Magna pure Compact Nucleic Acid Isolation86
Kit (Roche Diagnostics, Mannheim, Germany) according to the protocol provided by the manufacturer.87
Total RNA was treated with DNase I to eliminate genomic DNA contamination, followed by synthesis of88
the first strand using Transcriptor First Strand cDNA Synthesis Kit (Roche Diagnostics, Mannheim,89
Germany) according to the manufacturer’s instructions. Real-time PCR was carried out with cDNAs. PCR90
reactions were performed using Roche Light Cycler Fast Start DNA Master PLUS SYBR Green I kits (Roche91
Diagnostics) following the manufacturer’s instructions. TLR mRNA transcripts were quantified, relative to92
the housekeeping gene, glyceraldehyde-3-phosphatedehydrogenase (GAPDH) which was used as an93
internal control. Sequence specific primers were designed by Primer3 software:94
(http://bioinfo.ut.ee/primer3/) as follows: TLR4 (NM_138557.2) forward, (5’-95
TGTCCTCCCACTCCAGGTAAGT-3’), reverse, (5-GATTGCTCAGACCTGGCAGTT-3’); GAPDH (No:96
NM_001289746.1): forward primer (5'- AGTGCCAGCCTCGTCTCATAG -3), and reverse primer (5'-97
CGTTGAACTTGCCGTGGGTAG -3'). The final results were automatically calculated from the cross-98
point values of the target and the reference gene by Light Cycler 4 Relative Quantification Software (Roche99
Diagnostics).100
Statistical analysis101
Statistical analysis was conducted as mean and standard deviation using Statistical Package for Social102
Sciences (SPSS), version 16.0 for Windows (SPSS, Chicago, IL). One-way analysis of variance (ANOVA)103
was used for multiple comparisons to evaluate the statistical significance between experimental groups104
followed by post hoc test. The correlation study was calculated using Pearson’s correlation. P value < 0.05105
was considered significant.106

3. RESULTS107

108
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3.1. Clinical and metabolic characteristics109
Demographic variables and clinical characteristics of the studied groups are shown in Table 1. There was110
no significant difference in age, body mass index between the studied groups. Meanwhile, there were111
statistically significant increase in disease duration; TAG, TC, FBG levels and HbA1C percentage in112
diabetic cases when compared to their allied control group with higher values were for macro-albuminuria113
T2DM group. LDL-C and HDL-C levels showed statistically significant difference in diabetic cases when114
compared to their allied control group but with no difference between micro and macro albuminuria T2DM115
groups. Serum urea, creatinine and UACR were statistically significantly higher in T2DM cases when116
compared to their allied control group and normo-albuminuria T2DM groups with higher values were for117
macro-albuminuria T2DM group (Table 1).118
Table 1. Demographic characteristics and routine biochemical findings in studied groups.119

Parameters/Groups Control group
(n=15)a

Normo-
albuminuria

T2DM
(n=15)b

Micro-
albuminuria

T2DM
(n=15)c

Macro-
albuminuria

T2DM
(n=15)d

Age(years) 53.75+5.58 52.35+3.88 51.6+4.17 51.65+4.19
Sex Male (%) 6(40%) 5 (33.3%) 6(40%) 4(26.66%)

Female (%) 9(60%) 10(66.6%) 9(60%) 11(73.3%)
Duration (years) - 7.25+1.77cd 12.97+2.02bd 16.03+1.07bc

BMI (kg/m2) 25.3+1.49 25.75+1.59 24.9+1.58 25.35+1.53

FBS level(mg/dl) 88.15+3.7bcd 149.15+8.36acd 174.19+18.86abd 283.15+37.6abc

Hb A1c% 4.4±0.24 bcd 6.6±0.47 acd 7.9±0.24 abd 8.7±0.29 abc

Systolic blood pressure
(mmHg)

110.6 ± 5. 5 bcd 125.2 ± 3.2 acd 127.6 ± 4.1 abd 136.6 ± 2.6 abc

Diastolic blood pressure
(mmHg)

71.8 ± 3.7 bcd 75.45± 1.57 ad 81.55±  2.1 ad 87.65± 1.8 abc

Serum urea level (mg/dl) 23.35+2.08 bcd 25.1+2.67 acd 45.25+14.42 abd 63.35+7.03 abc

Serum creatinine level (mg/dl) 0.746+0.143cd 0.78+0.1  5.13cd 0.838+0.26 abd 1.13+0.47 abc

UACR (mg/g) 18.75+2.97 cd 19.6+2.51 cd 133.57+63.5 abd 389.31+53.5 abc

TC level (mg/dl) 142.35+5.85 bcd 192.85+18.42 acd 277.42+13.77 abd 301.05+17.47 abc

TAG level (mg/dl) 137.75+8.65 bcd 173.5+23.79 acd 198.19+12.9 abd 229.37+38. 59 abc

LDL-C level (mg/dl) 98.65+5.8 bcd 110.4+18.1 acd 162.76+9.94ab 164.95+10.61 ab

HDL-C level (mg/dl) 66.83+1.357 bcd 62.5+6.98 acd 44.52+1. 7ab 44.09+1.9 ab

Data presented as mean ± SD; n number of cases; BMI Body mass index ; FBS fasting blood sugar;  HbA1c: Glycated120
hemoglobin; UACR  urinary albumin/creatinine ratio ;TC total cholesterol; TAG triacylglycerol; LDL-C low-density121
lipoprotein cholesterol; HDL-C high-density lipoprotein cholesterol;. * Significant difference. P was calculated by one-way122
ANOVA test followed by Tukey’s post hoc test. Identical superscript letters indicate nonsignificant differences while different123
superscript ones show statistically significant results. P was considered significant at 0.05.124

125
3.2. Immune/ inflammatory status and tubular damage126
This current study revealed statistically significant increase in plasma ox-LDL level and up-regulation of127
TLR4 expression in T2DM cases when compared to their allied control group with higher values were for128
macro-albuminuria T2DM group. Meanwhile, plasma omentin1 level was statistically significantly129
decreased in T2DM cases than their allied controls with lower values were for macro-albuminuria T2DM130

UNDER PEER REVIEW



5

group. This current study revealed statistically significant increase in urinary LCN2 level in T2DM cases131
than their allied control group with higher values were observed in macro-albuminuria T2DM group (Table132
2).133

Table 2. Biochemical and molecular findings of the studied groups.134

Parameters/Groups Control group
(n=15)a

Diabetic cases
with normo-
albuminuria
(n=15)b

DN with
micro-
albuminuria
(n=15)c

DN with
macro-
albuminuria
(n=15)d

Urinary LCN2 level
(pg/l)

34.35+3.28 bcd 46.35+6.47 acd 59.76+11.54 abd 74.73+2.68 abc

Plasma omentin-1 level
(ng/ml)

26.05+1.47 bcd 22.67+.94 acd 19.25+.94 abd 15.37+1.73 abc

Plasma ox-LDL level
(ng/ml)

19.65+2.2 bcd 33.9+5.5 acd 64.05+12.18 abd 117.78+31.11
abc

Relative TLR4 mRNA 0.37+0.02 bcd 0.83+0.07 acd 1.03+0.12 abd 1. 3+0.17 abc

Data presented as means ± SD; n number of cases; Ox-LDL oxidized low-density lipoprotein; TLR4 toll like receptor4; LCN2135
lipocalin 2. * Significant difference. P was calculated by one-way ANOVA test followed by Tukey’s post hoc test. Identical136
superscript letters indicate nonsignificant differences while different superscript ones show statistically significant results. P137
was considered significant at 0.05.138139
3.3. Correlation matrix140
All correlations are summarized in Tables 3. In T2DM cases, FBG, serum creatinine, disease duration,141
UACR were correlated positively with ox-LDL, TLR4 mRNA, LCN2 levels but negatively with plasma142
omentin-1 level. LCN2 level showed positive correlation with TLR4 mRNA, ox-LDL levels, meanwhile, it143
showed a negative correlation with omentin-1 level (Table 3).144
Table 3. Correlations matrix of glycemic status, creatinine, urinary albumin creatinin ratio, lipocalin145
2 in relation to plasma ox-LDL, peripheral bloodTLR4 mRNA and plasma omentin-1 levels146

Fasting
blood
sugar

(mg/dl)

Serum
creatinine

(mg/dl)

Urinary
albumin
creatini
nr ratio

Disease
duration
(years)

Urinary
LCN2 level

(pg/ml)

Plasma Ox-LDL
level (ng/ml)

r .454** .491** .932** .806** .844**

p .004 .003 .0032 .0051 .0041
Plasma omentin1
level (ng/ml)

r -.699** -.515** -.861** -.927** -.848**

p .0041 .0002 .0001 .0003 .0004
Relative TLR4
mRNA level

r .647** .519** .890** .900** .851**

p .0042 .0034 .0025 .0044 .00016
Urinary LCN2
(pg/ml)

r .482** .423** .864** .833** -
p .0002 .00012 .0003 .00024 -

Values are Pearson rank correlation coefficients. Bold font marks significance at P< 0.05.147

4. DISCUSSION148

Diabetic nephropathy (DN) is one of the leading causes of chronic kidney diseases worldwide and most of149
the affected patients have T2DM. A considerable number of patients newly diagnosed with T2DM may150
already have developed nephropathy due to a preceding period of undiagnosed diabetes and impaired151
glucose tolerance [11]. According to the classification of American Diabetes Association, DN is divided152
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into three stages, incipient nephropathy (micro-albuminuria), clinical diabetic nephropathy (macro-153
albuminuria) and ESRD. To diagnose those DN patients in its early stage can effectively prevent or delay154
the progression to ESRD [12]. Renal biopsy is a useful way to diagnose DN but is an invasive method so155
we are in need to simple, accurate and non-invasive test for early diagnosis and/or monitoring DN156
progression [13]. Several mechanisms, including hyperglycemia, advanced glycation end products,157
oxidative stress, inflammation are  the main contributors to DN pathogenesis through activation of nuclear158
factor κB (NF-κB) signaling which is the key regulator of inflammation and apoptosis [14].159

TLRs have been implicated in diabetes-induced inflammation and vascular complications. TLRs recognize160
various damage-associated molecular patterns such as heat-shock proteins, fatty acids, ox-LDLs and AGEs.161
Activation of the immuno-inflammatory reactions through TLR4 was supposed to play a role in the162
pathogenesis of DN [15]. This current study revealed up-regulation of TLR4 in diabetic patients when163
compared to control with higher expression was in macro-albuminuria diabetic cases; also it was correlated164
positively to serum creatinin, disease duration, UACR. These results indicate that up-regulation of TLR4165
expression might contribute to the pathogenesis, diagnosis and progression of DN. Lin et al., 2012 found166
that silencing of TLR4 gene expression with small interfering RNAs (siRNA) or anti-TLR4 antibodies167
attenuated high-glucose-induced NF-κB activation [16]. Devaraj et al., 2010 reported up-regulation in168
TLR4 expression in type 1 diabetes mellitus patients (T1DM) with micro-vascular complications compared169
without micro-vascular complications T1DM and may contribute to increased inflammation and subsequent170
T1DM complications [17].171

Ox-LDL causes endothelial injury, atherosclerosis, enhancing albumin excretion and can induce ischemia,172
stress and damage to cultured renal tubular cells with further development of advanced nephropathy [18].173
The present study revealed increased s ox-LDL level in micro and macro albuminuria diabetic cases than174
control and normo-albuminuria diabetic cases with higher value were for macro-albuminuria cases. These175
findings in addition to the up-regulation of TLR4 expression may suggest a role played by ox-LDL in176
pathogenesis, progression of DN through activation TLR4. Moreover, ox-LDL was correlated positively177
with serum creatinine and disease duration revealing its role not only in pathogenesis but also in diagnosis178
of DN and its progression. Geng  et al, 2010 reported up-regulation of TLR4 expression in response to ox-179
LDL and the inhibition of  TLR4 expression by small interference RNA(siRNA) caused decrease in  NF-180
κB activity and monocyte chemoatractant protein 1 (MCP-1) and interleukin 8 (IL-8) secretion in response181
to ox-LDL so atherogenic effects of ox-LDL could be mediated in part via the TLR4 pathway [19].182
Proximal tubules are particularly susceptible to injury associated with diabetes and tubular damage may183
occur before glomerular damage causing appearance of several tubular proteins in urine which may occurs184
before the appearance of microalbuminuria [20]. So that it is important to find new predictive biomarkers185
of tubular damage.186

LCN2 is one of proteins that expressed abundantly in ischemic or nephrotoxic kidney injury and serum187
lipocalin-2 has been described as a sensitive and specific biomarker for early identification of acute kidney188
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injury as a result of  cardiac surgery [21]. LCN2 binds to its receptor and transports small lipophilic189
substances, such as retinoids, arachidonic acid, steroids, iron, and fatty acids in addition it has roles in190
induction of apoptosis, the inhibition of bacterial growth, regulation of iron metabolism, and insulin191
resistance. LCN2 is induced by inflammatory stimuli through the activation of the NF-kB pathway [22].192
This current study revealed increased urinary LCN2 level in T2DM cases than controls with more increase193
were observed in macro-albuminuria T2DM. Increased levels of urinary LCN2 were already found in194
diabetic patients without early signs of glomerular damage in the form of normo-albuminuria,195
demonstrating usefulness of urinary LCN2 as a marker of early DN. LCN 2 was correlated positively to196
serum creatinine, disease duration, UACR. The significant increase in macro-albuminuria T2DM cases may197
indicate that urinary LCN2 level may be a useful biomarker for reflecting the severity of renal damage198
caused by diabetic disease. These results may be due to impaired tubular reabsorption as a result of specific199
saturation of the endocytic pathway durring heavy proteinuria or proximal tubules dysfunction [23].200

These results indicate that LCN2 might contribute to early diagnosis of DN and its progression This results201
were in agreements with those obtained previously [24, 25]. Wu et al., 2015 reported that high glucose202
caused activation of TLR4/NF-κB p65/ LCN2 signaling pathways and promoted the downstream fibrosis203
and inflammatory reaction in cultured mesangial cells (MCs) [26]. Flo et al., 2004 demonstrate that204
injection of mice with the TLR4 ligand lipopolysaccharide induces increased expression of LCN2 in a205
TLR4-dependent manner [27]. So that from the results obtained from the present study; oxidized lipids206
through acting as ligand and up-regulator for TLR4 expression with subsequent increased LCN2 production207
can cause renal damage in diabetic patients.208

Omentin-1 is an anti-inflammatory adipokine with important role in cellular energy homoeostasis, vascular209
tone regulation, stress responses, T-cell differentiation and apoptosis [28]. Tan et al., 2010 reported that210
omentin-1 can attenuates C-reactive protein (CRP) and TNF-α-induced NF-κB activation in human211
endothelial cells suggesting that omentin-1 might be an anti-inflammatory adipokine in humans [29].212
However, little information is available with respect to the associations of serum omentin levels and213
diabetic microvascular complications. This current study revealed decreased omentin 1 level in diabetic214
cases than their allied control group with lowest levels were observed in macro-albuminuria T2DM cases,215
also it was correlated negatively with seum creatinine, disease duration, UACR. These results indicate that216
omentin 1 might contribute to the pathogenesis, diagnosis and progression of DN. Tekce et al., 2014217
suggested that DM is associated with low omentin 1 levels in chronic kidney disease population [30].218
Zhang et al., 2014 suggested that decreased omentin-1 level may contribute to the development of insulin219
resistance and T2DM [31].220

5. CONCLUSION221

The synergetic increase of ox-LDL,TLR4, LCN2 and decreased omentin-1 level may mediate DN222
pathogenesis and progression in addition to the novel proposed role of LCN2 as a non-invasive biomarker223
for early detection of DN. The results of this study may open the door for further diagnostic and therapeutic224
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approaches that ensure modification of metabolic and immune-modulatory status to prevent premature225
micro-vascular complications in diabetic patients.226

9. REFERENCES227

1.Sun GD, Li CY, Cui WP, Guo QY, Dong CQ, Zou HB, Liu SJ, Dong WP, Miao LN. Review of Herbal228
Traditional Chinese Medicine for the Treatment of Diabetic Nephropathy. J Diabetes Res. 2016;229
2016:5749857. doi: 10.1155/2016/5749857.230
2.Dominguez JH, Liu Y, Kelly KJ. Renal iron overload in rats with diabetic nephropathy. Physiol Rep.231
2015;3(12). pii: e12654. doi: 10.14814/phy2.12654.232
3. Pourghasem M, Shafi H, Babazadeh Z. Histological changes of kidney in diabetic nephropathy. Caspian233
J Intern Med. 2015; 6(3):120-127.234
4. Ninomiya T, Perkovic V, de Galan BE, Zoungas S, Pillai A, Jardine M, Patel A, Cass A, Neal B, Poulter235
N, Mogensen CE, Cooper M, Marre M, Williams B, Hamet P, Mancia G, Woodward M, Macmahon S,236
Chalmers J; ADVANCE Collaborative Group. Albuminuria and kidney function independently predict237
cardiovascular and renal outcomes in diabetes. J Am Soc Nephrol. 2009; 20:1813–1821. doi:238
10.1681/ASN.2008121270.239
5. Kawai T, Akira S. The role of pattern-recognition receptors in innate immunity: update on Toll-like240
receptors. Nat Immunol. 2010; 11(5): 373–384. doi: 10.1038/ni.1863.241
6. Mitsnefes MM, Kathman TS, Mishra J, Kartal J, Khoury PR, Nickolas TL, Barasch J, Devarajan P.242
Serum neutrophil gelatinase-associated lipocalin as a marker of renal function in children with chronic243
kidney disease. Pediatric Nephrology. 2007; 22(1):101–108.244
7. Yang RZ, Lee MJ, Hu H, Pray J, Wu HB, Hansen BC, Shuldiner AR, Fried SK, McLenithan JC, Gong245
DW. Identification of omentin as a novel depot-specific adipokine in human adipose tissue: possible role in246
modulating insulin action. Am J Physiol Endocrinol Metab. 2006; 290: E1253–1261.247
8. Tan BK, Adya R, Farhatullah S, Lewandowski KC, O'Hare P, Lehnert H, Randeva HS. Omentin-1, a248
novel adipokine, is decreased in overweight insulin-resistant women with polycystic ovary syndrome. Ex249
vivo and in vivo regulation of omentin-1 by insulin and glucose. Diabetes. 2008; 57: 801–808.250
9. Kuzuya T1, Nakagawa S, Satoh J, Kanazawa Y, Iwamoto Y, Kobayashi M, Nanjo K, Sasaki A, Seino Y,251
Ito C, Shima K, Nonaka K, Kadowaki T; Committee of the Japan Diabetes Society on the diagnostic252
criteria of diabetes mellitus. Report of the Committee on the classification and diagnostic criteria of253
diabetes mellitus. Diabetes research and clinical practice. 2002; 55(1):65-85.254
10. Gansevoort RT1, Verhave JC, Hillege HL, Burgerhof JG, Bakker SJ, de Zeeuw D, de Jong PE;255
PREVEND Study Group. The validity of screening based on spotmorning urine samples to detect subjects256
with microalbuminuria in the general population. Kidney Int Suppl. 2005(94):S28-35.257
11. Bouvet BR, Paparella CV, Arriaga SM, Monje AL, Amarilla AM, Almará AM. Evaluation of urinary258
N-acetyl-beta-D-glucosaminidase as a marker of early renal damage in patients with type 2 diabetes259
mellitus. Arq Bras Endocrinol Metabol. 2014;58(8):798-801260

UNDER PEER REVIEW



9

12. Molitch ME, DeFronzo RA, Franz MJ, Keane WF, Mogensen CE, Parving HH, Steffes MW; American261
Diabetes Association. Nephropathy in diabetes. Diabetes Care. 2004; 27 Suppl 1:S79-S83.262
13. Jain S, Rajput A, Kumar Y, Uppuluri N, Arvind AS, Tatu U. Proteomic analysis of urinary protein263
markers for accurate prediction of diabetic kidney disorder. J Assoc Physicians India. 2005; 53:513-520.264
14.Nozako M, Koyama T, Nagano C, Sato M, Matsumoto S, Mitani K, Yasufuku R, Kohashi M,265
Yoshikawa T. An Atherogenic Paigen-Diet Aggravates Nephropathy in Type 2 Diabetic OLETF Rats.266
PLoS One. 2015 Nov 25; 10(11):e0143979. doi: 10.1371/journal.pone.0143979. eCollection 2015.267
15.Liu SY, Nie XZ, Zhou WY, Chen J. Expression and effect of TLR4 in rats with diabetic nephropathy.268
Asian Pacific Journal of Tropical Medicine 2013; 6(8)635-639269
16.Lin M, Yiu WH, Wu HJ, Chan LY, Leung JC, Au WS, Chan KW, Lai KN, Tang SC. (2012) Toll-like270
receptor 4 promotes tubular inflammation in diabetic nephropathy. J. Am. Soc. Nephrol. 23(1):86–102.271
17.Devaraj S, Jialal I, Yun JM, Bremer A. Demonstration of increased toll-like receptor 2 and toll-like272
receptor 4 expression in monocytes of type 1 diabetes mellitus patients with microvascular complications.273
Metab. Clin. Exp. 2010; 60(2):256–259.274
18.Brasen JH, Nieminen-Kelha M, Markmann D, Malle E, Schneider W, Neumayer HH, Budde K, Luft275
FC, Dragun D. Lectin-like oxidized low density lipoprotein  (LDL) receptor (LOX-1) mediated pathway276
and vascular oxidative injury in older age rat renal transplants. Kidney Int. 2005; 67(4): 1583–1594.277
19.Geng H, Wang A, Rong G, Zhu B, Deng Y, Chen J, Zhong R. The effects of ox-LDL in human278
atherosclerosis may be mediated in part via the toll-like receptor 4 pathway. Mol Cell Biochem. 2010;279
342(1-2):201-6. doi: 10.1007/s11010-010-0484-8.280
20.Tang SC, Leung JC, Lai KN. Diabetic tubulopathy: An emerging entity. Contrib Nephrol.281
2011;170:124–134. doi: 10.1159/000325647.282
21. Mishra J1, Dent C, Tarabishi R, Mitsnefes MM, Ma Q, Kelly C, Ruff SM, Zahedi K, Shao M, Bean J,283
Mori K, Barasch J, Devarajan P. Neutrophil gelatinase-associated lipocalin (NGAL) as a biomarker for284
acute renal injury after cardiac surgery. The Lancet. 2005; 365(9466):1231–1238.285
22.Del Prete A, Salvi V, Sozzani S. Adipokines as potential biomarkers in rheumatoid arthritis. Mediators286
Inflamm. 2014;2014:425068. doi: 10.1155/2014/425068.287
23.Bolignano D, Lacquaniti A, Coppolino G, Donato V, Campo S, Fazio MR, Nicocia G, Buemi M.288
Neutrophil gelatinase-associated lipocalin (NGAL) and progression of chronic kidney disease. Clin J Am289
Soc Nephrol. 2009;4(2):337-44. doi: 10.2215/CJN.03530708.290
24. Al-Refai AA, Tayel SI, Ragheb A, Dala AG, Zahran A. Urinary Neutrophil Gelatinase Associated291
Lipocalin as a Marker of Tubular Damage in Type 2 Diabetic Patients with and without Albuminuria. Open292
J Nephrol. 2014;4:37–46. doi: 10.4236/ojneph.2014.41006.293
25. Garg V, Kumar M, Mahapatra HS, Chitkara A, Gadpayle AK, Sekhar V. Novel urinary biomarkers in294
pre-diabetic nephropathy. Clin Exp Nephrol. 2015 ;19(5):895-900. doi: 10.1007/s10157-015-1085-3.295

UNDER PEER REVIEW



10

26.Wu C, Lv C, Chen F, Ma X, Shao Y, Wang Q. The function of miR-199a-5p/Klotho regulating296
TLR4/NF-κB p65/NGAL pathways in rat mesangial cells cultured with high glucose and the mechanism.297
Mol Cell Endocrinol. 2015; 417:84-93. doi: 10.1016/j.mce.2015.09.024.298
27.Flo T, Smith K D, Sato S, Rodriguez D J, Holmes MA, Strong RK, Akira S., Aderem A. Lipocalin 2299
mediates an innate immune response to bacterial infection by sequestrating iron.  Nature. 2004; 432, 917-300
921. doi:10.1038/nature03104301
28.Lesná J, Tichá A, Hyšpler R, Musil F, Bláha V, Sobotka L, Zadák Z, Šmahelová A. Omentin-1 plasma302
levels and cholesterol metabolism in obese patients with diabetes mellitus type 1: impact of weight303
reduction. Nutr Diabetes. 2015; 5:e183. doi: 10.1038/nutd.2015.33.304
29. Tan BK, Adya R, Farhatullah S, Chen J, Lehnert H, Randeva HS. Metformin treatment may increase305
omentin-1 levels in women with polycystic ovary syndrome. Diabetes. 2010; 59, (12):3023-3031. doi:306
10.2337/db10-0124.307
30.Tekce H, Tekce BK, Aktas G, Alcelik A, Sengul E. Serum omentin-1 levels in diabetic and nondiabetic308
patients with chronic kidney disease. Exp Clin Endocrinol Diabetes. 2014; 122(8):451-6. doi: 10.1055/s-309
0034-1375674.310
31.Zhang Q, Zhu L, Zheng M, Fan C, Li Y, Zhang D, He Y, Yang H. Changes of serum omentin-1 levels311
in normal subjects, type 2 diabetes and type 2 diabetes with overweight and obesity in Chinese adults. Ann312
Endocrinol (Paris). 2014; 75(3):171-5. doi: 10.1016/j.ando.2014.04.013.313

UNDER PEER REVIEW


