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Abstract
Purpose: Diabetes mellitus is associated with atherosclerotic
and cardiovascular diseases. Our aim was to investigate the levels
of lipocalin-2 (LCN-2) and soluble Lectin-like oxidized low-density
lipoprotein receptor-1(sLOX-1) levels in both diabetics and prediabetic
with comparison to non-diabetic subjects. We also examined the
association of LCN-2 with sLOX-1 and albuminuria
Methods: One hundred forty-two subjects with type 2 diabetes
mellitus, 32 prediabetic subjects, 58 non-diabetic controls were
consecutively enrolled in this study. LCN-2 and sLOX-1 levels were
measured with ELISA assays.
Results: LCN-2 levels didn’t show significant difference between
diabetics, prediabetic and control groups (p = 0.864). sLOX-1 levels
were significantly lower in diabetic group (2.53 ng/mL, median)
compared with prediabetic (2.84 ng/mL, median; p = 0.041) and
control groups (3.00 ng/mL, median; p = 0.001). Multiple linear
regression analysis showed that urinary albumin excretion and sLOX1 were independently associated with LCN-2. When logistic regression
analysis was performed LCN-2 was independent factor determining
albuminuria (p = 0.021; OR, 1.001; (1.000-1.001) 95% CI).
Conclusion: Our study provides the first clinical evidence
demonstrating serum LCN-2 concentrations are independently
associated with sLOX-1 levels which were found to be lower in type 2
diabetics unexpectedly. LCN-2 was also associated with albuminuria.

Introduction

Diabetes mellitus is associated with atherosclerotic and
cardiovascular diseases. Atherosclerosis is a state of chronic
vascular inflammation. Some molecules are associated with
increased risk of atherosclerosis in diabetes [1]. Lipocalin-2
(LCN-2), also known as neutrophil gelatinase-associated lipocalin
(NGAL), is a glycoprotein stored in human neutrophils [2]. LCN-2
is firstly isolated from mouse kidney cells and afterwards isolated
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in humans in 1993 [2]. Besides neutrophils, LCN-2 is expressed
in other tissues like liver, kidney, adipocytes and macrophages
[3]. LCN-2 has a bacteriostatic action which leads LCN-2 to
take place in immune response [4]. LCN-2 is also known as an
adipokine secreted from adipose tissue [5]. LCN-2 expression
is induced by some pro- and anti-inflammatory cytokines
like lipopolysaccharide, interleukin (IL)-1ß, IL-6, IL-7, Tumor
necrosis factor-alpha (TNF-alpha) [4].

Lectin-like oxidized low-density lipoprotein receptor-1
(LOX-1) mainly expressed by endothelial cells, macrophages and
vascular smooth cells is the receptor which mediates oxidized
LDL activity in vascular endothelial cells [6]. Soluble lectin-like
oxidized low-density lipoprotein receptor-1 (sLOX-1), the soluble
form of LOX-1 which is proteolytically cleaved can be measured
in serum [7,8]. LOX-1 is induced by oxidized LDL (oxldl), shear
stress, inflammatory cytokines and angiotensin II (AGII) [9].
Studies in the literature pointing to sLOX-1 levels were higher in
acute coronary syndrome (ACS) suggested that circulating sLOX1 levels were an useful marker for early diagnosis of ACS [10,11].
Oberoi et al. [4] found that LCN-2 increased the expression of
scavenger LOX-1 and induced conversion of macrophages to foam
cells in vitro, so indicating that LCN-2 plays an important role in
plaque development. This finding encouraged us to search for
the relationship of LCN-2 with sLOX-1. They also figured out that
LCN-2 levels were higher in subjects with coronary artery disease
(CAD) as in the literature [12,13]. Besides, LCN-2 was found to be
early biomarker for diabetic nephropathy [14]. While Huang Y. Et
al. [15] showed that increased LCN-2 levels were independently
associated with impaired glucose metabolism and type 2 diabetes,
LCN-2 levels were demonstrated to be reduced in type 2 diabetics
with long duration diabetes in the study of Chesnaye et al. [16].
Our aim was to investigate the levels of LCN-2 and sLOX-1
levels in both diabetics and prediabetic whom reflect different
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degree of beta cell dysfunction with comparison to non-diabetic
subjects. We also examined the association of LCN-2 with sLOX-1,
albuminuria and with other metabolic and laboratory parameters
in diabetic subjects.

Material and Methods
Subjects

The subjects for this study were recruited at the Endocrinology
Outpatient Clinic in Izmir Bozyaka Education and Research
Hospital. One hundred forty-two subjects with type 2 diabetes
mellitus (DM), 32 prediabetic subjects, 58 non-diabetic controls
were consecutively enrolled in this study over 12 months. Data
were collected as defined previously in the study of Yurekli et al
[17]. Informed consent was taken from each subject and local
ethic committee approval from Izmir Bozyaka Education and
Research Hospital Ethic Committee with “decision number 8”
was obtained.
The diagnosis of type 2 diabetes and prediabetes was
made according to the American Diabetes Association (ADA)
recommendations [18]. prediabetes was defined as either
impaired glucose tolerance and/or impaired fasting glucose.
Subjects in the control group were non-diabetic according to 75 g
oral glucose tolerance test with the result of normal carbohydrate
tolerance.

Detailed medical history was recorded and physical
examination was performed for each subject. Height (m)
and weight (kg) were measured under fasting conditions.
Body mass index (BMI) was calculated as the body weight in
kilograms divided by the square of the height in meters (kg/
m2). Hypertension was defined as systolic blood pressure
(SBP) ≥140mmHg, diastolic blood pressure (DBP) ≥90 mmHg
or current use of antihypertensive medication. Dyslipidemia
is defined as serum total cholesterol levels are ≥ 200 mg/dL;
serum triglyceride levels are ≥ 150 mg/dL; serum low density
lipoprotein cholesterol (LDL-c) levels are ≥ 130 mg/dL; serum
high density lipoprotein cholesterol (HDL-c) levels are < 40 mg/
dL for male, <50 mg/dL for female subjects or if there is use of
statin treatment for dyslipidemia [19]. Ankle systolic blood
pressure was measured on posterior tibial arteries by using
hand-held Doppler. After 10 minutes of rest, systolic blood
pressure was measured by wrapping sphygmomanometer cuff
around each of the two ankles and wrists, respectively. Anklebrachial index (ABI) was calculated as the highest ankle systolic
pressure divided by the highest brachial systolic pressure in each
patient. ABI is an easy and noninvasive method for screening
of atherosclerosis [20]. While ABI measurement < 0.9 indicates
peripheral arterial disease, ABI value ≥ 1.4 is indicative for the
arterial stiffness [21,22]. Albuminuria was defined as the urinary
albumin excretion (UAE) greater than 30 mg/24 h. Retinopathy
was diagnosed according to examination of ophthalmologist if
one of the following findings were present: retinal hemorrhage,
hard exudates, new vessels, microaneurysm, and macular edema.
Neuropathy examination was performed. Cardiovascular events
were based on the history of stroke, coronary artery disease or
transient ischemic attack. Patients with coronary heart disease are
documented by at least one of the following: previous myocardial
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infarction, previous percutaneous coronary intervention (PCI) or
coronary-artery bypass grafting (CABG) or multivessel coronary
artery disease.

Laboratory Examination

Blood samples were drawn into 8 ml tube gel seperated
(Vacuette, Greiner Bio-One, Austria) after 10 hour fast. Blood
samples were centrifuged at 3000 rpm for 10 minutes. All serum
samples were kept in a freezer at -800C. Biochemical parameters
including fasting blood glucose, total cholesterol, triglyceride,
HDL- (high-density lipoprotein) cholesterol, LDL-(low-density
lipoprotein) cholesterol, CRP (C-reactive protein), fibrinogen,
uric acid, hemoglobin were measured. HbA1c was measured
by high performance liquid chromotography (HPLC). A 24-h
urine collection was performed for the determination of UAE.
Immunoturbidimetric method was used for this measurement.
Glomerular filtration rate was calculated according to The
Modification of Diet in Renal Disease Study (MDRD) equation
(eGFR (ml/min/1.73 m2) = 186 x (serum creatinine)-1.154 x age0.203 x 0.742, if female) [23].

LCN-2 and sLOX-1 were measured by sandwich ELISA method
with the commercial assays (LZ, Shanghai, China). Measurement
was performed according to user guide. Spectrophotometric
measurement was done by using Thermo Scientific Multiscan
GO model ELISA reader (Finland) at 450 nm wavelength. Results
for LCN-2 and sLOX-1 were defined as ng/L and as ng/mL,
respectively.

Statistical analysis

Statistical analysis was performed by using IBM Statistical
Package of Social Science (SPSS Inc, USA) version 21.0. The
Shapiro-Wilk test was used to check distribution patterns of
variables. According to the variable distribution, one-way ANOVA
followed by Bonferroni’s post-hoc comparison test or Kruskal
Wallis test followed by Mann-Whitney U test for more than
two independent groups were used. Student’s t test or MannWhitney U test were used for comparison of two independent
groups. Categorical variables were compared by the Chi-square
test. Correlation analyses were performed using Spearman’s
correlation coefficient. Multiple linear regression analysis was
performed to identify independent relationships between
LCN-2 levels and BMI, SBP, DBP, UAE, sLOX-1. To examine the
independent association of albuminuria with the LCN-2, age,
gender; we calculated odds ratio (OR) with multivariate logistic
regression analysis. Normally distributed data were expressed as
mean ± standard deviation, or as median (min-max) otherwise. A
p-value of less than 0.05 was accepted as statistically significant.

Results

Type 2 diabetic subjects with mean duration of 121.6 ±
92.3 months (n=142), subjects with prediabetic (n=32) and 58
non-diabetic control subjects were recruited for this study. The
features of diabetic subjects as far as vascular complications were
concerned as follows: Twenty-six % of diabetic subjects (n=37)
had only micro vascular complications, 7.7% (n=11) had only
macro vascular complications, 16.1% (n=23) had both microand macro vascular complications together. While 61 subjects
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Table 1: Demographic, clinical and laboratory data of the diabetic, prediabetic and control subjects.
Variables

Age (years)
Sex (female/male)
Hypertension
Smoking
Body weight (kg)
BMI (kg/m2)
FBG (mg/dL)
HbA1c (%)
TC (mg/dL)
TG (mg/dL)
HDL-C (mg/dL)
LDL-C (mg/dL)
SBP (mmHg)

Diabetes n=142 mean ± SD

Prediabetes n=32 mean ± SD

Control n=58 mean ± SD

median(min-max)

median (min-max)

median(min-max)

54.7 ± 8.6 54 (33-76)

53.8 ± 9.5 54 (34-74)

53.0 ± 9.5 (30-73)

30.20%

9.30%

25.80%

80.8 ± 14.0 80

85.3 ± 16.0 83

78.0 ± 13.0 76

101/41

29.50%

(49-118)

30.5 ±4.7 30.0
(20.0-43.0)

31/1

9.30%

(61-138)

(5.2-6.6)

190.2 ± 44.0 187 (112.-350)
164.6 ± 98.3 141
(49-690)

48.3 ± 13.1 47
(20-90)

119.3 ± 39.2 118.5 (51-248)

0.603

(53-111)

(83-99)

(5.4-13.0)

7.9 ± 1.6 7.6

20.60%

(91-123)

109.4 ± 8.6 108.5

(69-443)

<0.001*

30.8 ± 5.1 30.4

157.0 ± 60.9 134.5

5.9 ± 0.38 5.9

(22.0-43.0)

94.2 ± 6.3 94

5.75 ± 0.45 5.7
(5.2-5.8)

205.1 ± 33.7 201

220.5 ± 47.4 210

(69-330)

(57-330)

(146-263)

161.4 ± 64.6 140
47.4 ± 11.4 45
(23-78)

138.8 ± 27.7 139
(80-190)

(148-367)

139.0 ± 55.7 132
55.7 ± 11.5 54.5
(29-83)

147.2 ± 41.6 138
(83-290)

139.4 ± 21.6 140

144.3 ± 22.8 140.0

137.8 ± 19.8 140 (100-

(60-120)

(70-130)

(60-120)

(90-220)

(110-210)

190)

DBP (mmHg)

82.9 ± 11.1 80

Ankle SBP (mmHg)

181.6 ± 33.0 180

192.5 ± 40.6 180

175.0 ± 37.2 180

ABI

1.31 ± 0.221.23

1.34 ± 0.28 1.33

1.26 ± 0.20 1.28

(0.5-2.0)

(0.5-1.7)

(0.5-1.1)

Creatinine
GFR (mL/min)
CRP (mg/dL)
Fibrinogen (mg/dL)
Uric acid (mg/dL)
LCN-2 (ng/L)
sLOX-1 (ng/mL)
*p <0.05 is significant

(90-280)

(0.85-2.00)

0.79 ± 0.70 0.7

109.5 ± 29.1 110
(37-166)

0.50 ± 0.32 0.33
(0.31-1.94)

306.3 ± 70.0296.3 (162.8-529.1)
5.2 ± 1.544.9
(2.3-11.3)

1569.3 ± 759.7 1310.0 (179.0-3720.0)
3.25 ± 1.99 2.53
(0.84-9.89)

Values are expressed as mean ± SD and as median (min-max).

90.3 ± 14.8 85
(140-280)

(0.93-2.33)

0.78 ± 0.23 0.75

136.0 ± 9.89 136
(129-143)

0.60 ± 0.47 0.33 (0.31-2.01)
306.8 ± 92.1 285.6 (2*3.8-

83.1 ± 10.2 80
(90-280)

(0.64-1.91)

0.72 ± 0.14 0.7

128.0 ± 31.1 128
(106-150)

0.52 ± 0.35 (0.31
(0.31-1.65)

311.4 ± 64.2

627.2)

(312.1 (211.9-468.4)

1667.6 ± 871.7 1300.0 (876.0-

1646.2 ± 864.4 1245.0

(1.97-9.95)

(1.77-9.97)

5.3 ± 1.145.2
(2.6-7.6)
3720.0)

3.81 ± 2.12 2.84

0.445

54/4

33.3 ± 6.3 31.5
(24.0-57.0)

*p value

5.0 ± 1.135.0
(3.0-7.7)

(756.0-3670.0)
4.31 ± 2.72 3.0

<0.001*
0.15
0.06

< 0.001*
< 0.001*
<0.001*
<0.001*
<0.001*
<0.001*
0.475

0.029*
0.106
0.289
0.34

0.288
0.647
0.587
0.534
0.864

0.002*

BMI, body mass index; FBG, fasting blood glucose; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein-cholesterol; LDL-C, low density
lipoprotein-cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; ABI, ankle brachial index; GFR, Glomerular filtration rate; CRP, C reactive
protein; LCN-2, lipocalin-2; sLOX-1, soluble lectin-like oxidized-low density lipoprotein receptor-1 (sLOX-1).
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were on insulin therapy (n=15-oral antidiabetic (OAD) plus
basal insulin, n=46-multiple insulin injections), 75 of the diabetic
subjects were using OAD medication. Six subjects were only on
diabetic diet. Demographic, clinical and laboratory features of
the diabetic, prediabetic subjects and non-diabetic controls were
presented in Table 1.

For LCN-2 levels, there was no significant difference between
diabetics, prediabetic and control groups (1301 ng/L, 1300 ng/L,
1245 ng/L, as median, respectively) (p = 0.864). sLOX-1 levels
were significantly lower in diabetic group (2.53 ng/mL, median)
compared with prediabetic (2.84 ng/mL, median; p = 0.041) and
control groups (3.00 ng/mL, median; p = 0.001). LCN-2 and sLOX1 levels were not different in diabetic patients with and without
vascular complications (p = 0.445 and p = 0.235, respectively).
LCN-2 and sLOX-1 had no statistically significant change between
diabetic patients with ABI value ≤ 1.3 and with ABI value >
1.3. While sLOX-1 levels were not different in diabetic patients

according to glucose control (HbA1c ≤ %7 and > %7), LCN-2
levels were significantly lower at border in diabetic patients with
HbA1c ≤ %7 compared with diabetic patients with HbA1c > %7
(1280 ng/L and 1340 ng/L, median, respectively; p = 0.045).

When we subtracted subjects who use statin
antihyperlipidemic therapy, analysis showed that sLOX-1 levels
were still significantly different between diabetic (n=84),
prediabetic (n=26) and control (n=52) groups (p = 0.002).

LCN-2 was positively correlated with BMI (p = 0.029, r =
0.183), SBP (p = 0.007, r = 0.230), DBP (p = 0.002, r = 0.262), UAE
(p = 0.002, r = 0.269) and sLOX-1 (p < 0.001, r = 0.435) in diabetic
group analysis (Table 2). sLOX-1 was also associated with SBP
positively in diabetic group (p <0.001, r = 0.325).
Multiple linear regression analysis was performed in diabetic
group to verify independent associations between LCN-2 and BMI,
SBP, DBP, UAE and sLOX-1. UAE and sLOX-1 were independently
associated with LCN-2 (Table 2).

Table 2: Spearman correlation analysis and multiple regression analysis for Lipocalin-2
Independent variables
Age (years)
BMI (kg/m )
2

Duration of DM (months)
SBP (mmHg)
DBP (mmHg)
ABI
FPG (mg/dL)
HbA1c (%)
Creatinine (mg/dL)
UAE (mg/day)
GFR (mL/min)
Total cholesterol (mg/dL)
TG (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
Uric acid (mg/dL)
CRP (mg/dL)
Fibrinogen (mg/dL)
sLOX-1 (ng/mL)

Correlation analysis

ρ

r

0.169

0.116

0.611

0.043

0.029*
0.007*
0.002*

0.23

0.31

0.262

0.529

0.053

0.002*
0.463
0.258
0.364

0.089
0.269
0.065

0.075

<0.001*

0.016

1.227

0.044*

0.077

0.383
0.687

0.621

0.095
-0.003

0.082

0.418

-0.092

0.97

0.213

ρ

95%CI

0.732

-0.069

0.301

ß

0.183

0.424
0.279

Multiple regression analysis

0.105
0.249

-0.035
0.435

350.5

333.0

598.4

<0.001*

Spearman correlation analysis was used. r stands for correlation coefficient. Multiple regression analysis was used to define the independent
association of Lipocalin-2 with BMI, SBP, DBP, UAE and s-LOX-1. ß stands for the Unstandardized regression coefficient.
* p <0.05 was considered significant.

CI, confidence interval; BMI, body mass index; DM, diabetes mellitus; SBP, systolic blood pressure; DBP, diastolic blood pressure; ABI, ankle

brachial index; FPG, fasting plasma glucose; UAE, urinary albumin excretion; GFR, glomerular filtration rate; TG, triglyceride; HDL, high density
lipoprotein; LDL, low density lipoprotein; CRP, C reactive protein; sLOX-1, soluble lectin-like oxidized-low density lipoprotein receptor-1.
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LCN-2 levels were significantly higher in diabetic subjects
with albuminuria (n=14) (1840 ng/L, median) when compared
with diabetic subjects without albuminuria (n=113) (1496 ng/L,
median) (p = 0.004).

When logistic regression analysis was performed for each
independent variables as duration of diabetes, HbA1c, ABI,
dyslipidemia, HT, gender, age, sLOX-1, LCN-2 individually; gender,
age and LCN-2 were found to be factors affecting albuminuria.
When the model was set up for those three independent variables,
LCN-2 was independent factor determining albuminuria (p =
0.021; OR, 1.001; (1.000-1.001) 95% CI) (Table 3).

Table 3. Logistic regression models predicting albuminuria for diabetic patients.
Independent variables
Duration of diabetes
HbA1c
ABI
Dyslipidemia
HT
Gender
Age
Lipocalin-2
1

Single variables1

Final model2

OR

95% CI

p value

OR

95% CI

1.003

0.997-1.009

0.342

-

-

0.231

0.014-3.750

0.303

-

-

0.947
1.37

0.664-1.349

-

-

-

1.085-10.499

0.036*

2.827

0.847-9.441

0.091

1.000-1.001

0.007*

1.001

1.000-1.001

0.021*

1.079

1.006-1.156

0.074

0.032*

-

1.069

-

-

-

0.695

0.889-12.675

1.001

-

0.285-6.584

0.356

3.375

0.762

p value

-

0.993-1.150

-

-

0.075

was univariate logistic regression model on single variables. was final multiple logistic regression model in backward stepwise method on
2

variables found significant in model on single variables included together in the model.
OR: odds ratio

* p value of <0.05 was considered significant
ABI, ankle brachial index; HT, hypertension.

Discussion

We have figured out that there was no significant difference
between LCN-2 levels of study groups. sLOX-1 levels were found
to be lower in diabetics when compared with prediabetic and
control groups. It was demonstrated for the first time that LCN-2
levels were associated with sLOX-1 levels. Besides, LCN-2 was the
independent predictor of albuminuria in type 2 diabetics.

Tan et al. [6] showed for the first time that sLOX-1 levels were
elevated in type 2 diabetes and it was associated with advanced
glycation end products (AGEs). This finding was supported by
the in vitro study in which glucose and ages increased the level
of sLOX-1 in conditioned medium of cultured endothelial cells.
They suggested that increased sLOX-1 may add to endothelial
dysfunction. On the contrary to the literature, we found slox1 levels as lower in diabetic group compared to prediabetics
and non-diabetics. We may hypothesize that sLOX-1 may be
regulated by parameters other than glucose. As we did not record
antihypertensive medication use as a limitation of the study, we
could not be able to analyze sLOX-1 levels in subjects according
to use of renin-angiotensin system blockade drugs. Because,
angiotensin II increases sLOX-1 expression, Tan et al. [6] observed
that diabetic subjects receiving angiotensin-converting enzyme
inhibitor or angiotensin II receptor antagonist had significantly
lower serum sLOX-1 levels than subjects who were not on those
medications. In our study, the type of OAD or diabetes treatment
(OAD/insulin) did not affect the sLOX-1 levels significantly (data
not shown). As an another explanation for our findings regarding

to the low levels of sLOX-1 in diabetics, we may speculate that
post-translational process to secret slox-1 into circulation may
not be working well in the diabetic subjects. The levels of oxldl
may have been explaining the exact relationship between sLOX1, LOX-1 and oxldl. But unfortunately, we could not measure the
levels of oxldl in our study.
When we analyzed the diabetic subjects according to the
presence of micro and/or macro vascular complications, sLOX-1
levels did not show any significant difference in diabetic subjects
with/without vascular complications. Opposed to the study
of Tan et al. [6], sLOX-1 levels did not differ between diabetic
patients with better and worse glucose control (hba1c ≤7% vs.
>7%). When the subjects using statin therapy were excluded,
sLOX-1 levels significantly remained low in diabetic subjects
when compared to prediabetic and non-diabetics.

Lubrano et al. [24] figured out that sLOX-1 levels were
associated with inflammatory markers like TNF-alpha, IL-6, C
reactive protein (CRP) in atherosclerotic subjects. He observed
that sLOX-1 levels were higher in more severe atherosclerotic
patients compared to subjects with milder atherosclerotic
lesions. In another study, sLOX-1 levels were higher in type 2
diabetics with peripheral arterial disease (PAD) than without
PAD and sLOX-1 levels were found to be negatively associated
with ABI [25]. sLOX-1 levels were not found to be associated with
ABI in our study. Brinkley et al. [26] found that slox-1 levels were
higher in obese postmenopausal women compared to lean ones
and sLOX-1 levels were associated with BMI. In our study, sLOX-1
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levels were not associated with BMI, it was found to be associated
with SBP and LCN-2 levels.

We demonstrated that LCN-2 levels were not different
between type 2 diabetes, prediabetic and control groups.
Eilenberg W et al. [28] found that LCN-2 levels were higher in
diabetics with carotid artery stenosis compared to non-diabetic
group. LCN-2 mRNA was detectable in 95% of analyzed carotid
artery lesions of diabetics compared to 5% of non‐diabetics
(p < 0.0001). Supporting this finding, Hemdahl AL et al. [28]
showed that LCN-2 expression was increased in atherosclerotic
plaques. Eilenberg W et al. [27] also showed that diabetics
under metformin treatment had significantly lower LCN-2 levels
compared to non-diabetics. We only found that LCN-2 levels were
lower in diabetic patients with better glycemic control compared
to those with worse glycemic control based on hba1c (hba1c ≤7%
vs. >7%) (p = 0.045). So, in our study antidiabetic treatment may
be altering the LCN-2 levels. As opposed to our study, Elkhidir AE
et al. [29] observed that LCN-2 levels were increased in type 2
diabetics compared with non-diabetic controls and LCN-2 levels
didn’t differ significantly between controlled and uncontrolled
diabetes [29]. While, LCN-2 was not correlated with BMI in the
study of Elkhidir AE [29], in our study LCN-2 was associated
with BMI, SBP, DBP, UAE, sLOX-1 levels in correlation analysis but
multiple regression analysis showed that sLOX-1 and UAE were
independent predictors of LCN-2 levels in diabetics.
Oberoi et al. [4] investigated proatherosclerotic effect of LCN2 on murine macrophages and showed that LCN-2 induced foam
cell formation leading to atherosclerotic plaque development.
They also observed that LCN-2 induced LOX-1 receptors in
macrophages. As a supporting finding to this, we showed for the
first time that LCN-2 levels were positively associated with sLOX1 levels in type 2 diabetic patients. So, although LCN-2 levels were
not different between diabetics and control groups, LCN-2 was
independently associated with sLOX-1.

It was demonstrated that there is significant association
between LCN-2 and diabetic complications. Serum and urinary
LCN-2 have been used as early marker of renal involvement in
type 2 diabetic patients [30]. Motawi et al. [14] showed that LCN2 levels were increased in type 2 diabetics with microalbuminuria
compared to control group and also LCN-2 was found to be
associated with albuminuria. We also figured out that LCN-2
was independent predicting factor for presence of albuminuria
adjusting for other clinical and laboratory parameters according
to logistic regression analysis.
Some conflicting findings in the literature point that LCN2 levels were significantly higher in acute coronary syndrome
patients compared to subjects with normal coronary arteries
[31] , however Giaginis et al. [32] showed a contradictory result
in which LCN-2 levels didn’t differ between subjects with and
without carotid artery stenosis.
Although we didn’t study atherosclerotic features specifically
in our diabetic patients but we showed the strong correlation of
LCN-2 with sLOX-1 which was associated with atherosclerosis.

Copyright:
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Conclusion
Our study provides the first clinical evidence demonstrating
serum LCN-2 concentrations are independently associated with
sLOX-1 levels which were found to be lower in type 2 diabetics
unexpectedly. Further studies are needed to explain the low
levels of sLOX-1 in type 2 diabetics regarding to antihypertensive
medication and oxLDL, LOX-1 interaction. We demonstrated
LCN-2 levels were independent predictor of albuminuria in type
2 diabetics. So, we could speculate that LCN-2 could be used as
atherosclerotic marker besides to being renal marker in diabetic
nephropathy. Being a cross sectional study is a limitation for our
study. Further longitudinal studies would allow us to determine
the regulatory factors for LCN-2 and predictive value of LCN-2 for
diabetes associated atherosclerosis.
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