
Int J Clin Exp Med 2018;11(7):7156-7164
www.ijcem.com /ISSN:1940-5901/IJCEM0065876

Original Article
Increased serum galectin-3 levels are associated with 
the development of type 2 diabetic nephropathy:  
a novel marker for progression?
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Abstract: Objective: Diabetic nephropathy (DN) is the most common cause of end-stage renal disease. The aim 
of this study was to evaluate the relationship between serum galectin-3 concentration and renal impairment in 
patients with type 2 DN. Methods: In this cross-sectional study, 30 patients with type 2 diabetes mellitus (DM), 
120 patients with type 2 DN and 30 healthy control subjects were enrolled from August 2015 to April 2016. Serum 
galectin-3 levels were measured by enzyme-linked immunosorbent assay. The relationship between galectin-3 con-
centration and clinical variables was evaluated by multiple linear regression models. Results: Compared to healthy 
controls, serum galectin-3 levels were higher in patients with type 2 DM and DN. Galectin-3 showed a significant 
association with serum creatinine, β2-microglobulin, fasting plasma glucose, urine albumin creatinine ratio (UACR), 
age, hemoglobinA1c, systolic blood pressure and estimated glomerular filtration rate (eGFR). In a stepwise regres-
sion analysis, serum galectin-3 levels were negatively correlated with eGFR (β=-0.914, P<0.001), and positively 
correlated with UACR (β=0.394, P=0.011). Conclusions: Increased serum galectin-3 levels were independently as-
sociated with decreased eGFR and increased UACR in patients with type 2 DN.
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Introduction

Diabetic nephropathy (DN) is one of the major 
complications and the leading cause of end-
stage renal disease (ESRD) in patients with 
type 2 diabetes mellitus (DM) [1, 2]. The patho-
genesis of DN is multifactorial and a topic of 
intense research. Despite aggressive and com-
prehensive treatment, many patients with DN 
still develop ESRD. Reasons for this poor clini-
cal outcome include lack of specific curative 
treatments and inadequate biomarkers that 
identify early more treatable stages of DN. 
Albuminuria and estimated glomerular filtration 
rate (eGFR) are currently the best biomarkers 
for the prediction of DN progression, although 
they have their limitations. Cross-sectional 
studies have shown that some DN patients with 
reduced renal function or even advanced renal 
disease do not present with significant albu-
minuria [3]. Calculation of eGFR is limited by 
variations in serum creatinine levels caused by 

differences in muscle mass, meat intake, age, 
gender, and renal pathological conditions. 
These limitations have stimulated the search to 
identify more reliable biomarkers that predict 
the progression of DN.

Galectin-3 is a 32- to 35-kDa water soluble 
β-galactosidase-binding glycoprotein that is a 
member of the multifunctional lectin family. It 
contains a C-terminal end with a carbohydrate 
recognition domain and an N-terminal domain 
[4]. Galectin-3 is mainly expressed by activated 
macrophages, mast cells and eosinophils, and 
less so by other tissues such as the epithelium 
of the gastrointestinal and respiratory tracts. It 
is expressed in the cytoplasm, nucleus, and cell 
surface, and is secreted into the extracellular 
spaces [5]. Galectin-3 plays important regula-
tory roles in a variety of pathophysiological pro-
cesses, including fibrogenesis, tissue repair, 
and inflammation [6]. It may be involved in the 
pathogenesis of several diseases, such as can-
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cer, diabetes, heart failure, as well as renal dis-
ease [7-10].

Galectin-3 has been shown to play a role in the 
initiation and development of non-diabetic 
nephropathy [11]. Recent studies confirmed 
that galectin-3 promotes the development of 
tubulointerstitial fibrosis in mouse models and 
humans [12, 13]. Galectin-3 expression has a 
close relationship with kidney function in 
patients with chronic kidney disease (CKD). It 
has been observed that elevated serum galec-
tin-3 levels precede the development of CKD in 
the general population [14], and that circulating 
galectin-3 concentrations increase in parallel 
with decreasing kidney function [7]. However, 
the pathogenesis of DN is significantly different 
from that of other CKDs and whether the same 
association occurs in type 2 DN is not clear. 
While several reports have documented the 
strong relationship between increased serum 
galectin-3 levels and loss of kidney function 
[14-18], few have investigated changes in 
galectin-3 expression found in patients with DN 
[19], and none have analyzed the relationship 
between galectin-3 levels and different stages 
of DN.

The purpose of this cross-sectional study was 
to examine the clinical relevance of serum 
galectin-3 levels at various stages of type 2 DN 
and evaluate the association between galec-
tin-3 levels and loss of renal function.

Materials and methods

Subjects

Thirty patients with type 2 DM and 120 patients 
with type 2 DN were enrolled between August 
2015 and April 2016 from the Fourth Clinical 
Medical College of Guangzhou University of 
Chinese Medicine. Inclusion criteria were male 
or female older than 18 years of age, and medi-
cal diagnosis of type 2 DM or type 2 DN. 
Patients with infectious disease, inflammatory 
disease, liver disease, malignancy, heart fail-
ure, and patients undergoing renal replace-
ment therapy (dialysis or kidney transplanta-
tion) were excluded from these groups. Thirty 
healthy, age-matched subjects without any 
medical disease or medical drug treatment 
were recruited as controls. All patients provid-
ed written informed consent prior to being 
enrolled in the trial. Study procedures were 

approved by the Ethics Committee of Shenzhen 
Affiliated Hospital of Guangzhou University  
of Chinese Medicine.

Clinical data collection

Type 2 DM was diagnosed according to the 
guidelines of the American Diabetes Associa- 
tion in 2013 [20]. The diagnosis and classifica-
tion of DN CKD stages were established accord-
ing to the criteria of the National Kidney 
Foundation K/DOQI Clinical Practice Guidelines 
for Chronic Kidney Disease [21]. The stages of 
DN were categorized using Mogensen DN diag-
nostic criteria [22]. Stage 1-2 DN was defined 
as hyperfiltration, with eGFR exceeding the 
upper limit of the reference range (120 ml/min 
per 1.73 m2). These patients had normal albu-
min urinary excretion and no signs of clinical 
renal disease. Stage 3 DN was characterized by 
abnormally elevated urinary albumin excretion, 
also known as the “microalbuminuria”. Microal- 
buminuria was defined as urinary albumin 
excretion between 30-299 mg/day (or between 
30-299 mg/g creatinine) on a random urine 
sample. Stage 4 DN was characterized as overt 
DN, also known as the “macroalbuminuria”. 
Macroalbuminuria was defined as urinary albu-
min excretion equal or greater than 300 mg/
day (or above 300 mg/g creatinine) on a ran-
dom urine sample. Stage 5 DN was known as 
ESRD. ESRD was defined as eGFR less than 15 
ml/min per 1.73 m2.

Patient clinical parameters were obtained, 
including gender, age, duration of DM, medica-
tions administered, body weight, height, body 
mass index (BMI), systolic blood pressure (SBP) 
and diastolic blood pressure (DBP). BMI was 
calculated as weight in kilograms divided by 
height in meters squared. SBP and DBP were 
reported as the average of three measure-
ments taken in the sitting position with a stan-
dard mercury sphygmomanometer after a 
5-minute rest. Blood test included determina-
tion of serum galectin-3, serum creatinine (Scr), 
fasting plasma glucose (FPG), total cholesterol 
(TC), triglyceride (TG), low-density lipoprotein 
cholesterol (LDL-C), high-density lipoprotein 
cholesterol (HDL-C), and β2-microglobulin (β2-
MG) concentrations. Blood hemoglobinA1c 
(HbA1c), and urine albumin creatinine ratio 
(UACR) were also determined. Testing was per-
formed using conventional laboratorial tech-
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Table 1. Baseline demographic and clinical characteristics

Variables Health Control 
groups DM DN (1-2) DN3 DN4 DN5 P Value* Total of DM and 

DN Patients
Number 30 30 30 30 30 30 150

Gender (male) (n,%) 14, 46.7% 16, 53.3% 16, 53.3% 20, 66.7% 19, 63.3% 16, 53.3% 0.721 87, 58%

Age (years) 52.8±7.1 53.2±11.4 52.2±13.0 54.1±9.9 60.1±13.5 63.7±9.6 p<0.001 56.7±12.3

Weight (kg) 60.1±9.2 68.7±12.6 63.2±9.3 67.9±12.5 65.7±10.8 63.2±11.4 0.191 65.7±11.5

Duration of diabetes (years) - 8.5 (4.6-12.3) 6.0 (3.8-10.3) 8.0 (5.8-14.3) 10.0 (8.8-17.0) 12.0 (7.0-19.0) 0.007 10 (6-15)

FPG (mg/dL) 94.2 (88-98.9) 134.6 (112.5-163.4) 161.1 (116.1-233.1) 143.3 (112.3-190.3) 108.7 (87.9-162.5) 87.9 (68.5-116.4) p<0.001 123.7 (98.1-175.1)

HbA1c (%) - 7.8 (6.7-10.0) 9.7 (7.3-12.9) 7.3 (6.7-9.4) 8.7 (7.1-10.1) 6.2 (5.7-6.7) p<0.001 7.6 (6.5-9.8)

TC (mg/dL) 173.9±24.7 157.7±32.4 171.9±43.5 175.7±42.8 204.1±64.6 179.3±56.5 0.09 177.7±50.9

TG (mg/dL) 92.5 (71.2-117.9) 126.7 (88.3-176.0) 151.4 (98.3-177.6) 112.5 (89.7-182.0) 134.6 (99.2-232.9) 152.8 (112.3-228.5) 0.297 132.0 (96.5-182.5)

LDL-C (mg/dL) 115.2±24.2 100.2±29.5 113.5±34.2 111.8±34.9 129.8±58.4 107.3±45.9 0.092 112.5±42.5

HDL-C (mg/dL) 55.8±9.9 43.8±11.2 38.4±11.3 47.2±14.5 46.7±14.6 39.4±17.3 0.042 43.1±14.2

Scr (mg/dL) 0.71 (0.67-0.85) 0.78 (0.61-0.87) 0.61 (0.52-0.65) 0.81 (0.67-0.89) 1.41 (1.05-1.84) 5.28 (4.45-7.02) p<0.001 0.85 (0.64-1.84)

eGFR (ml/min/1.73 m2) 97.8 (93.3-103.4) 107.4 (97.5-113.3) 141.0 (137.9-160.5) 104.4 (96.2-117.0) 49.0 (38.0-73.8) 11.0 (7.7-14.5) p<0.001 96.6 (38.0-119.0)

β2-MG (mg/L) - 0.11 (0.05-0.15) 0.18 (0.09-0.31) 0.18 (0.08-0.45) 1.57 (0.32-5.52) 26.26 (12.76-46.13 p<0.001 0.29 (0.10-4.18)

UACR (mg/g) - 2.9 (1.3-4.0) 4.0 (0.4-10.8) 50.4 (32.5-72.1) 1311.6 (975.1-3149.6) 2918.6 (2393.3-4652.0) p<0.001 9.5 (2.8-241.2)

Galectin-3 (ng/mL) 2.10 (1.50-2.68) 2.40 (1.69-3.39) 2.16 (1.91-2.97) 2.33 (1.74-3.48) 2.54 (2.04-3.53) 5.92 (4.66-7.35) p<0.001 2.70 (2.01-4.49)

SBP (mmHg) 117±13 126±19 118±13 130±22 150±31 155±25 p<0.001 136±26

DBP (mmHg) 76 (70-83) 74 (68-84) 75 (67-77) 77 (70-90) 81 (74-90) 81 (73-91) 0.028 77 (71-86)

BMI (kg/m2) 22.5 (21.0-24.3) 25.1 (22.8-26.5) 23.2 (22.0-24.6) 24.4 (21.8-27.1) 25.2 (22.8-27.1) 24.1 (19.8-26.3) 0.183 24.2 (22.1-26.3)

Hypertension (n, %) 0, 0% 11, 36.7% 13, 43.3% 15, 50.0% 13, 43.3% 16, 53.3% 0.728 68, 45.3%

CAD (n, %) 0, 0% 3, 10.0% 2, 6.7% 2, 6.7% 3, 10.0% 4, 13.3% 0.894 14, 9.3%

ACEI or ARB (n, %) 0, 0% 8, 26.7% 11, 36.7% 16, 53.3% 18, 60.0% 12, 40.0% 0.069 65, 43.3%

Insulin (n, %) 0, 0% 18, 60.0% 18, 60.0% 18, 60.0% 20, 66.7% 18, 60.0% 0.978 92, 61.3%

DPP-4 inhibitor (n, %) 0, 0% 12, 40.0% 10, 33.3% 9, 30.0% 11, 36.7% 10, 33.3% 0.943 52, 34.7%

Sulfonylurea (n, %) 0, 0% 10, 33.3% 11, 36.7% 13, 43.3% 10, 33.3% 9, 30.0% 0.854 53, 35.3%

Metformin (n, %) 0, 0% 15, 50.0% 12, 40.0% 13, 43.3% 8, 26.7% 7, 23.3% 0.057 55, 36.7%

Statin (n, %) 0, 0% 13, 43.3% 15, 50.0% 19, 63.3% 19, 63.3% 18, 60.0% 0.42 84, 56.0%
*Kruskal Wallis H test between the total 150 patients. Data are presented as frequencies and percentages for categorical variables, mean ± SD for normally distributed continuous variables, or median (25th; 75th percentiles) for non-normal-
ly distributed continuous variables. Based on Bonferroni’s correction, a P-value <0.01 was considered statistically significant. Abbreviatons: FPG, fasting plasma glucose; HbA1c, hemoglobinA1c; TC, total cholesterol; TG, triglyceride; LDL-C, 
low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein. cholesterol; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; β2-MG, β2-microglobulin; UACR, urine albumin creatinine ratio; SBP, systolic blood pressure; 
DBP, diastolic blood pressure; BMI, body mass index; CAD, coronary artery disease; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; DPP-4, dipeptidyl peptidase 4.
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Table 2. Spearman’s correlation between se-
rum galectin-3 levels and clinical parameters 
in all DN patients (n=120, without DM)

Variable
Galectin-3

R P Value
Age (years) 0.384 p<0.001
Gender 0.080 0.388
Duration of diabetes (years) 0.051 0.578
FPG (mg/dL) -0.412 p<0.001
HbA1c (%) -0.291 0.001
TC (mg/dL) -0.044 0.630
TG (mg/dL) 0.024 0.799
LDL-C (mg/dL) -0.061 0.507
HDL-C (mg/dL) -0.134 0.144
Scr (mg/dL) 0.581 p<0.001
eGFR (ml/min/1.73 m2) -0.560 p<0.001
β2-MG (mg/L) 0.580 p<0.001
UACR (mg/g) 0.324 0.005
SBP (mmHg) 0.419 p<0.001
DBP (mmHg) 0.135 0.142
BMI (kg/m2) -0.070 0.452
Abbreviatons: FPG, fasting plasma glucose; HbA1c, 
hemoglobinA1c; TC, total cholesterol; TG, triglyceride; 
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-
density lipoprotein cholesterol; Scr, serum creatinine; 
eGFR, estimated glomerular filtration rate; β2-MG, β2-
microglobulin; UACR, urine albumin creatinine ratio; SBP, 
systolic blood pressure; DBP, diastolic blood pressure; 
BMI, body mass index.

niques. The eGFR was calculated using the 
modification of diet in renal disease (MDRD) 
equation: eGFR (ml/min per 1.73 m2) = 
186*SCr-1.154*Age-0.203*0.742 (if female) [23].

Laboratory methods

All blood samples were obtained in the morning 
after an overnight fast. Within 1 hour all blood 
samples were centrifuged at 1000 g at 4°C for 
15 minutes and the serum immediately trans-
ferred into 1.5 ml cryotubes. All samples were 
stored at -80°C until they were tested. An 
enzyme-linked immunosorbent assay (ELISA) 
was used to determine serum galectin-3 levels, 
according to the manufacturer’s instructions 
(Catalog No: SK00199-01, Aviscera Bioscience, 
Santa Clara, CA, USA). This assay has a high 
sensitivity to serum galectin-3 with a minimum 
detectable concentration of 10 pg/ml.

Statistical methods

Demographic characteristics were assessed 
using standard descriptive statistics. Continu- 

ous data was expressed as either the mean ± 
standard deviation or the median (interquartile 
range), depending on their distribution. Ca- 
tegorical data were expressed as numbers and 
percentages. Normally distributed continuous 
variables were compared using one-way AN- 
OVA. Non-normally distributed continuous vari-
ables were compared using the Kruskal-Wallis 
test. The Chi-square test was used to compare 
categorical variables. Spearman’s correlation 
coefficient was used to analyze associations 
between quantitative variables. Clinical vari-
ables that correlated with serum galectin-3 lev-
els in DN patients were evaluated using univari-
ate linear regression analysis. Variables that 
were significantly associated with galectin-3 
levels in univariate linear regression model 
were further tested for independency in multi-
variate forward stepwise regression analysis. 
Skewed variables were log transformed before 
statistical analysis. All statistical procedures 
were performed using the SPSS statistical soft-
ware package, version 17.0 (Chicago, IL, USA). 
A P value less than 0.05 was considered statis-
tically significant. Bonferroni’s correction for 
statistical significance of association was ap- 
plied to compensate for multiple comparisons.

Results

Demographic characteristics of study subjects

Physical and clinical characteristics of subjects 
with type 2 DM (n=30), type 2 DN (n=120) and 
healthy control individuals (n=30) are shown in 
Table 1. Among 30 DM patients and 120 DN 
patients, there were no overt differences in 
gender (P=0.721), weight (P=0.191), BMI 
(P=0.183), TC (P=0.09), TG (P=0.297), and 
LDL-C (P=0.092) levels. Prevalence rates of 
cardiovascular and cerebrovascular disease 
were not different [hypertension (P=0.728), 
coronary artery disease (P=0.894)]. The fre-
quency of drugs prescribed to treat the diabe-
tes groups was similar [angiotensin-converting 
enzyme inhibitors (ACEI) or angiotensin II recep-
tor blockers (ARB) (P=0.069), insulin (P=0.978), 
dipeptidyl peptidase 4 (DPP-4) inhibitor (P= 
0.943), sulfonylurea (P=0.854), Metformin 
(P=0.057), and statin (P=0.42)].

Patients with more severe DN had higher Scr 
(P<0.001), lower eGFR (P<0.001), lower HDL-C 
(P=0.042), lower FPG (P<0.001), lower HbA1c 
(P<0.001), higher UACR (P<0.001), higher 
β2-MG (P<0.001), higher SBP (P<0.001), high-
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independently associated with 
galectin-3. All of the above 
mentioned variables were re- 
nal function-related or renal 
function-dependent.

Association of galectin-3 with 
eGFR and UACR 

Since eGFR and UACR were 
independent determinant of 
galectin-3, we further investi-
gated the association of galec-
tin-3 with eGFR and UACR by 
subgroup analysis. Log (galec-
tin-3) was significantly and 
negatively correlated with log 
(eGFR) (Figure 1A).Compared 
with control group, the serum 
level of galectin-3 increased 
significantly in different stages 
of DN patients (Figure 2A). 
Even though there were no sta-
tistically significant differences 
among the different stages of 
CKD, except CKD3 versus 
CKD4 and CKD4 versus CKD5 
(Figure 2A), there seemed to 
be a trend of increasing galec-
tin-3 in the later stages of CKD.

er DBP (P=0.028), and higher galectin-3 (P< 
0.001). Among all the basic characteristics, it 
was difficult to match age (P<0.001) and dura-
tion of DM (P=0.007), because progression of 
DN is highly time-dependent.

Correlation between serum galectin-3 levels 
and clinical variables in patients with DN

Because some variables are clinically associ-
ated with renal functions, we performed spear-
man’s correlation analysis to verify the associa-
tions between these variables and galectin-3 
(Table 2). Galectin-3 levels were positively 
related to Scr, β2-MG, FPG, UACR, age, and 
SBP, and inversely related to HbA1c and eGFR.

Univariate and multivariate linear regression 
analyses were used to identify the independent 
determinants of galectin-3 and the results were 
summarized in Table 3. In univariate model, 
age, FPG, HbA1c, Scr, eGFR, β2-MG, and UACR 
were significantly associated with galectin-3. In 
multivariate model, only eGFR and UACR were 

The relationship between serum galectin-3 and 
UACR is summarized in Figure 1B. Log (galec-
tin-3) was significantly and positively correlated 
with log (UACR), although the correlation was 
weak. Subgroup analysis showed DN patients 
with a UACR equal or greater than 300 mg/g 
(macroalbuminuria) had a higher serum galec-
tin-3 concentration than DN patients with a 
UACR from 30 to 299 mg/g (microalbuminuria) 
or a UACR less than 30 mg/g (normal). There 
was no significant difference of serum galec-
tin-3 levels between microalbuminuria and nor-
mal albuminuria groups (Figure 2B).

Discussion

Increased serum galectin-3 levels were signifi-
cantly associated with increased Scr and 
decreased eGFR levels in type 2 DN patients 
we examined, even after adjustment for other 
risk factors. Serum galectin-3 levels were also 
correlated with UACR, although this correlation 
was weak. FPG, HbA1c, β2-MG and SBP levels 

Table 3. Univariate and stepwise multivariate linear regression for 
galectin-3 in all DN patients (n=120, without DM)
Univariate model Std β 95% Confidence Interval P Value
Age (years) 0.337 0.308 - 0.366 <0.001
Duration of diabetes (years) 0.045 -0.016 - 0.106 0.627
Log (FPG) (mg/dL) -0.382 -2.266 - 1.502 <0.001
Log (HbA1c) (%) -0.288 -3.234 - 2.658 0.001
TC (mg/dL) -0.017 -0.019 - -0.015 0.854
Log (TG) (mg/dL) 0.028 -1.399 - 1.455 0.763
LDL-C (mg/dL) 0.004 -0.004 - 0.012 0.963
HDL-C (mg/dL) -0.104 -0.129 - -0.079 0.259
Log (Scr) (mg/dL) 0.70 -0.017 - 1.417 <0.001
Log (eGFR) (ml/min/1.73 m2) -0.699 -1.303 - -0.095 <0.001
Log (β2-MG) (mg/L) 0.595 0.277 - 0.913 <0.001
Log (UACR) (mg/g) 0.353 0.317 - 0.387 0.002
SBP (mmHg) 0.353 0.339 - 0.367 <0.001
Log (DBP) 0.101 -5.765 - 5.967 0.271
Log (BMI) -0.070 -5.55 - 5.41 0.453
Stepwise multivariate model Std β 95% Confidence Interval P Value
Log (UACR) 0.394 -0.049 - 0.837 0.011
Log (eGFR) -0.914 -2.398 - 0.567 <0.001
Data of FPG, HbA1c, TG, Scr, eGFR, β2-MG, UACR, DBP and BMI levels showed 
skewed distribution and therefore were log-transformed. Abbreviatons: FPG, fast-
ing plasma glucose; HbA1c, hemoglobinA1c; TC, total cholesterol; TG, triglyceride; 
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein choles-
terol; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; β2-MG, β2-
microglobulin; UACR, urine albumin creatinine ratio; SBP, systolic blood pressure; 
DBP, diastolic blood pressure; BMI, body mass index.
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cells in renal biopsy specimens 
from patients with diabetes was 
significantly increased compared 
with other glomerular diseases. 
There was also a strongly signi- 
ficant correlation between the 
number of galectin-3-positive ce- 
lls in diabetic glomeruli and loss 
of renal function [28]. This study 
extends these previous findings in 
patients with different stages of 
type 2 DN. We demonstrated that 
serum galectin-3 levels were sig-
nificantly and directly associated 
with eGFR in patients with type 2 
DN. When patients were divided 
according to their CKD status, a 
trend of higher galectin-3 levels in 
later CKD stages was observed.

Microalbuminuria is regarded as 
the gold standard for diagnosing 
the onset of DN. Hakki et al 
showed that galectin-3 levels 
were associated with proteinuria 
in familial Mediterranean fever 
(FMF) patients [29], but other 
studies found that galectin-3 lev-
els were weakly correlated with 
UACR in patients with diabetes 
[14, 19]. Patients we evaluated 
had a significant, but weak, corre-
lation between serum galectin-3 
levels and UACR. 

It is noteworthy that serum galec-
tin-3 levels were inversely related 

Figure 1. Scatter plots and Spearman’s correlation analysis examining 
the relationship between log (galectin-3) and log (eGFR) or log (UACR) 
in all patients with DN. A. Correlation between log (galectin-3) and log 
(eGFR). B. Correlation between log (galectin-3) and log (UACR).

were all associated with serum galectin-3 lev-
els in a univariate linear regression model. 

The exact mechanism of elevated serum galec-
tin-3 levels in DN remains unclear. Galectin-3 is 
strongly expressed in the ureteric bud and in 
the renal collecting ducts [24] and distal 
tubules [25]. Elevated levels of galectin-3 have 
been associated with a number of metabolic 
disorders and their complications [26], includ-
ing pre-diabetic conditions, diabetes [10], and 
microvascular and macrovascular complica-
tions found in diabetic patients [27]. Galectin-3 
levels have been shown to be increased in 
patients with a number of diabetes associated 
complications, including DN [27]. Kikuchi et al 
reported that the number of galectin-3-positive 

to HbA1c levels in patients we evaluated. 
Similar findings have already been reported 
[30, 31]. It has also been hypothesized that 
galectin-3 may reduce oxidative stress indirect-
ly by degrading AGEs, leading to lower levels of 
HbA1c [30]. Although galectin-3 could bind to 
advanced glycation end-products (AGEs), stim-
ulating their degradation [32], the effect of 
galectin-3 in reducing HbA1c has not been pre-
viously reported. Healthy rats have been shown 
to not express glomerular or mesangial galec-
tin-3 until they are older [33]. De Boer RA et al 
also demonstrated the strong relationship 
between galectin-3 and age in the general pop-
ulation [15]. Consistent with the findings of the 
previous studies, we confirmed a positive cor-
relation between galectin-3 and age in patients 
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research methods and objectives. 
Although galectin-3 levels correlated 
with most established risk factors of 
DN, including age, SBP, HbA1c, FPG, 
correlation coefficients were general-
ly weak, suggesting that these fac-
tors only have a marginal impact on 
galectin-3 levels.

Several lines of evidence suggest 
that galectin-3 exerts multiple and 
sometimes opposing effects in the 
kidney [34-39]. However, we cannot 
address whether a similar causal 
relationship might explain our results. 
Elevated serum galectin-3 levels may 
just reflect a compensatory response 
to renal injury in patients with DN. 
Stage 1-2 DN is characterized by glo-
merular hyperfiltration. Serum galec-
tin-3 levels in patients we examined 
with stage 1-2 DN were significantly 
lower than those found in the DM 
group. Further decreases in glomeru-
lar filtration rate were associated 
with further increases in serum galac-
tin-3 levels. It suggested that galec-
tin-3 was, at least partly, cleared by 
the kidney.

There were several limitations to this 
study. The research subjects were 
recruited from a single regional hos-
pital and may not be representative 
of the entire Chinese type 2 DM and 
DN population. The sample size was 
relatively small and could have affect-
ed the power of the study to detect 
small differences. An estimation 
index based on plasma creatinine lev-
els was used to estimate clearance 
instead of the true GFR, possibly 
introducing error into the measure-
ment of renal function. Also, circulat-
ing concentration of biomarkers may 

Figure 2. Serum galectin-3 levels correlated with eGFR and UACR. 
The whisker plot shows the minimum and maximum values, first 
quartile, median, and third quartile. A. Boxplots showing the distri-
bution of serum galectin-3 concentration by CKD stage. Control ver-
sus CKD1, CKD2, CKD3, CKD4, and CKD5 galectin-3 levels had P 
values of 0.03, 0.0538, 0.006, <0.001, and <0.001, respectively. 
Galectin-3 levels in different CKD stages in DN patients were also 
compared; CKD1 versus CKD2 (P=0.579), CKD2 versus CKD3 
(P=0.909), CKD3 versus CKD4 (P=0.0052), and CKD4 versus CKD5 
(P=0.0066). B. Serum galectin-3 concentrations in DN patients 
with normal albumin excretion, microalbuminuria, and macroalbu-
minuria [normal albuminuria group versus microalbuminuria group 
(P=0.251), normal albuminuria group versus macroalbuminuria 
group (P<0.001), and microalbuminuria group versus and macroal-
buminuria group (P<0.001)].

with type 2 DN. In a previous study, serum 
galectin-3 levels were found to be associated 
with SBP in the general population [15]. 
However, another study observed that serum 
galectin-3 levels were not related to SBP in 
T2DM [27]. In our study, we found that serum 
galectin-3 levels were positively associated 
with SBP. The reasons for this apparently con-
flicting finding could be due to differences in 

not reflect those found in the kidney. This is an 
associative study and cannot be used to deter-
mine true casual relationships.

Higher serum galectin-3 concentrations were 
independently associated to the risk of CKD 
progression in patients with type 2 DN. These 
findings suggested that galectin-3 may be a 
novel predictor for the development of DN. 
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Longitudinal studies are needed to better 
define this relationship. The underlying molecu-
lar mechanisms should be investigated in 
future studies.

Acknowledgements

This study was supported by grants from 
National Natural Science Foundation of China 
(81202818, 81373565), and Shenzhen Sci- 
ence and Technology Project (JCYJ2016033- 
0171116798, JCYJ20160428182542525, JC- 
YJ20150401163247238).

Disclosure of conflict of interest

None.

Address correspondence to: Shunmin Li and 
Tiegang Yi, Department of Nephrology, Shenzhen 
Traditional Chinese Medicine Hospital, The Fourth 
Clinical Medical College of Guangzhou University of 
Chinese Medicine, 1 Fuhua Road, Futian District, 
Shenzhen 518033, Guangdong, China. Tel: 86-755-
83002010; Fax: 86-755-88356033; E-mail: shun- 
minli@126.com (SML); Tel: 86-755-83330228; Fax: 
86-755-88356033; E-mail: szyitiegang@126.com 
(TGY) 

References

[1]	 Caramori ML, Fioretto P, Mauer M. The need 
for early predictors of diabetic nephropathy 
risk: is albumin excretion rate sufficient? Dia-
betes 2000; 49: 1399-1408.

[2]	 Ritz E, Orth SR. Nephropathy in patients with 
type 2 diabetes mellitus. N Engl J Med 1999; 
341: 1127-1133.

[3]	 Porrini E, Ruggenenti P, Mogensen CE, Barlovic 
DP, Praga M, Cruzado JM, Hojs R, Abbate M, de 
Vries AP. Non-proteinuric pathways in loss of 
renal function in patients with type 2 diabetes. 
Lancet Diabetes Endocrinol 2015; 3: 382-391.

[4]	 Barondes SH, Cooper DN, Gitt MA, Leffler H. 
Galectins. Structure and function of a large 
family of animal lectins. J Biol Chem 1994; 
269: 20807-20810.

[5]	 Henderson NC, Sethi T. The regulation of in-
flammation by galectin-3. Immunol Rev 2009; 
230: 160-171.

[6]	 Krzeslak A, Lipinska A. Galectin-3 as a multi-
functional protein. Cell Mol Biol Lett 2004; 9: 
305-328.

[7]	 Drechsler C, Delgado G, Wanner C, Blouin K, 
Pilz S, Tomaschitz A, Kleber ME, Dressel A, 
Willmes C, Krane V, Kramer BK, Marz W, Ritz E, 
van Gilst WH, van der Harst P, de Boer RA. Ga-

lectin-3, renal function, and clinical outcomes: 
results from the luric and 4D studies. J Am Soc 
Nephrol 2015; 26: 2213-2221.

[8]	 Fortuna-Costa A, Gomes AM, Kozlowski EO, 
Stelling MP, Pavao MS. Extracellular galectin-3 
in tumor progression and metastasis. Front 
Oncol 2014; 4: 138.

[9]	 Lala RI, Puschita M, Darabantiu D, Pilat L. Ga-
lectin-3 in heart failure pathology--”another 
brick in the wall”? Acta Cardiol 2015; 70: 323-
331.

[10]	 Yilmaz H, Cakmak M, Inan O, Darcin T, Akcay A. 
Increased levels of galectin-3 were associated 
with prediabetes and diabetes: new risk fac-
tor? J Endocrinol Invest 2015; 38: 527-533.

[11]	 Iacobini C, Amadio L, Oddi G, Ricci C, Barsotti 
P, Missori S, Sorcini M, Di Mario U, Pricci F, Pug-
liese G. Role of galectin-3 in diabetic nephrop-
athy. J Am Soc Nephrol 2003; 14: S264-S270.

[12]	 Dang Z, MacKinnon A, Marson LP, Sethi T. Tu-
bular atrophy and interstitial fibrosis after re-
nal transplantation is dependent on galectin-3. 
Transplantation 2012; 93: 477-484.

[13]	 Henderson NC, Mackinnon AC, Farnworth SL, 
Kipari T, Haslett C, Iredale JP, Liu FT, Hughes J, 
Sethi T. Galectin-3 expression and secretion 
links macrophages to the promotion of renal 
fibrosis. Am J Pathol 2008; 172: 288-298.

[14]	 O’Seaghdha CM, Hwang SJ, Ho JE, Vasan RS, 
Levy D, Fox CS. Elevated galectin-3 precedes 
the development of CKD. J Am Soc Nephrol 
2013; 24: 1470-1477.

[15]	 de Boer RA, van Veldhuisen DJ, Gansevoort RT, 
Muller KA, van Gilst WH, Hillege HL, Bakker SJ, 
van der Harst P. The fibrosis marker galectin-3 
and outcome in the general population. J In-
tern Med 2012; 272: 55-64.

[16]	 Gopal DM, Kommineni M, Ayalon N, Koelbl C, 
Ayalon R, Biolo A, Dember LM, Downing J, Si-
wik DA, Liang CS, Colucci WS. Relationship of 
plasma galectin-3 to renal function in patients 
with heart failure: effects of clinical status, 
pathophysiology of heart failure, and presence 
or absence of heart failure. J Am Heart Assoc 
2012; 1: e760.

[17]	 Tang WH, Shrestha K, Shao Z, Borowski AG, 
Troughton RW, Thomas JD, Klein AL. Useful-
ness of plasma galectin-3 levels in systolic 
heart failure to predict renal insufficiency and 
survival. Am J Cardiol 2011; 108: 385-390.

[18]	 Zamora E, Lupon J, de Antonio M, Galan A, Do-
mingo M, Urrutia A, Troya M, Bayes-Genis A. 
Renal function largely influences galectin-3 
prognostic value in heart failure. Int J Cardiol 
2014; 177: 171-177.

[19]	 Yucel N, Cakir MO, Boluk A, Koroglu DL, Temel 
Y, Sargin M, Orcun A. Is galectin-3 associated 
with urinary albumin excretion in type 2 diabe-
tes? Endokrynol Pol 2016; 67: 580-584.

mailto:shunminli@126.com
mailto:shunminli@126.com


Galectin-3 levels are associated with type 2 diabetic nephropathy

7164	 Int J Clin Exp Med 2018;11(7):7156-7164

[20]	 Standards of medical care in diabetes--2013. 
Diabetes Care 2013; 36 Suppl 1: S11-S66.

[21]	 National Kidney Foundation. K/DOQI clinical 
practice guidelines for chronic kidney disease: 
evaluation, classification, and stratification. 
Am J Kidney Dis 2002; 39: S1-S266.

[22]	 Mogensen CE, Christensen CK, Vittinghus E. 
The stages in diabetic renal disease. With em-
phasis on the stage of incipient diabetic ne-
phropathy. Diabetes 1983; 32 Suppl 2: 64-78.

[23]	 Levey AS, Coresh J, Greene T, Stevens LA, 
Zhang YL, Hendriksen S, Kusek JW, Van Lente 
F. Using standardized serum creatinine values 
in the modification of diet in renal disease 
study equation for estimating glomerular filtra-
tion rate. Ann Intern Med 2006; 145: 247-254.

[24]	 Winyard PJ, Bao Q, Hughes RC, Woolf AS. Epi-
thelial galectin-3 during human nephrogenesis 
and childhood cystic diseases. J Am Soc 
Nephrol 1997; 8: 1647-1657.

[25]	 Okamura DM, Pasichnyk K, Lopez-Guisa JM, 
Collins S, Hsu DK, Liu FT, Eddy AA. Galectin-3 
preserves renal tubules and modulates extra-
cellular matrix remodeling in progressive fibro-
sis. Am J Physiol Renal Physiol 2011; 300: 
F245-F253.

[26]	 Pugliese G, Iacobini C, Pesce CM, Menini S. 
Galectin-3: an emerging all-out player in meta-
bolic disorders and their complications. Glyco-
biology 2015; 25: 136-150.

[27]	 Jin QH, Lou YF, Li TL, Chen HH, Liu Q, He XJ. 
Serum galectin-3: a risk factor for vascular 
complications in type 2 diabetes mellitus. Chin 
Med J (Engl) 2013; 126: 2109-2115.

[28]	 Kikuchi Y, Kobayashi S, Hemmi N, Ikee R, Hyo-
do N, Saigusa T, Namikoshi T, Yamada M, Su-
zuki S, Miura S. Galectin-3-positive cell infiltra-
tion in human diabetic nephropathy. Nephrol 
Dial Transplant 2004; 19: 602-607.

[29]	 Yilmaz H, Inan O, Darcin T, Bilgic MA, Akcay A. 
Serum galectin-3 levels were associated with 
proteinuria in patients with Familial Mediterra-
nean Fever. Clin Exp Nephrol 2015; 19: 436-
442.

[30]	 Rytter E, Vessby B, Asgard R, Johansson C, Sjo-
din A, Abramsson-Zetterberg L, Moller L, Basu 
S. Glycaemic status in relation to oxidative 
stress and inflammation in well-controlled type 
2 diabetes subjects. Br J Nutr 2009; 101: 
1423-1426.

[31]	 Weigert J, Neumeier M, Wanninger J, Bauer S, 
Farkas S, Scherer MN, Schnitzbauer A, Schaf-
fler A, Aslanidis C, Scholmerich J, Buechler C. 
Serum galectin-3 is elevated in obesity and 
negatively correlates with glycosylated hemo-
globin in type 2 diabetes. J Clin Endocrinol 
Metab 2010; 95: 1404-1411.

[32]	 Iacobini C, Menini S, Oddi G, Ricci C, Amadio L, 
Pricci F, Olivieri A, Sorcini M, Di Mario U, Pesce 
C, Pugliese G. Galectin-3/AGE-receptor 3 knoc- 
kout mice show accelerated AGE-induced glo-
merular injury: evidence for a protective role of 
galectin-3 as an AGE receptor. FASEB J 2004; 
18: 1773-1775.

[33]	 Pugliese G, Pricci F, Leto G, Amadio L, Iacobini 
C, Romeo G, Lenti L, Sale P, Gradini R, Liu FT, 
Di Mario U. The diabetic milieu modulates the 
advanced glycation end product-receptor com-
plex in the mesangium by inducing or upregu-
lating galectin-3 expression. Diabetes 2000; 
49: 1249-1257.

[34]	 Pricci F, Leto G, Amadio L, Iacobini C, Romeo G, 
Cordone S, Gradini R, Barsotti P, Liu FT, Di Ma-
rio U, Pugliese G. Role of galectin-3 as a recep-
tor for advanced glycosylation end products. 
Kidney Int Suppl 2000; 77: S31-S39.

[35]	 Pugliese G, Pricci F, Iacobini C, Leto G, Amadio 
L, Barsotti P, Frigeri L, Hsu DK, Vlassara H, Liu 
FT, Di Mario U. Accelerated diabetic glomeru-
lopathy in galectin-3/AGE receptor 3 knockout 
mice. FASEB J 2001; 15: 2471-2479.

[36]	 Fernandes BA, Campanhole G, Wang PH, Gon-
calves GM, Damiao MJ, Cenedeze MA, Beraldo 
FC, de Paula ATV, Dos RM, Mazzali M, Pache-
co-Silva A, Camara NO. A Role for galectin-3 in 
renal tissue damage triggered by ischemia and 
reperfusion injury. Transpl Int 2008; 21: 999-
1007.

[37]	 Chiu MG, Johnson TM, Woolf AS, Dahm-Vicker 
EM, Long DA, Guay-Woodford L, Hillman KA, 
Bawumia S, Venner K, Hughes RC, Poirier F, 
Winyard PJ. Galectin-3 associates with the pri-
mary cilium and modulates cyst growth in con-
genital polycystic kidney disease. Am J Pathol 
2006; 169: 1925-1938.

[38]	 Tsuchiyama Y, Wada J, Zhang H, Morita Y, Hira-
gushi K, Hida K, Shikata K, Yamamura M, Kan-
war YS, Makino H. Efficacy of galectins in the 
amelioration of nephrotoxic serum nephritis in 
Wistar Kyoto rats. Kidney Int 2000; 58: 1941-
1952.

[39]	 Chen SC, Kuo PL. The role of galectin-3 in the 
kidneys. Int J Mol Sci 2016; 17: 565.


