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Mannose-binding lectin activation is associated with the
progression of diabetic nephropathy in type 2 diabetes mellitus
patients
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Background: We aimed to investigate whether mannose-binding lectin (MBL) activation contributed to
the progression of diabetic nephropathy (DN), and its role in predicting the renal prognosis of DN.
Methods: Seventy-seven patients who received renal biopsy in the First Affiliated Hospital, College of
Medicine, Zhejiang University between August 2013 and September 2016 were enrolled in the study. These
patients were followed up until the endpoint of end-stage renal disease (ESRD) or the last follow-up time
of August 31, 2018. They were divided into ESRD group (33 patients) and non-ESRD group (44 patients).
Their baseline characteristics and MBL levels (serum and urine) were compared between groups. The
correlation between single nucleotide polymorphisms (SNPs) of the MBL2 gene and renal outcomes was also
analyzed.

Results: The median (interquartile ranges) of serum and urine MBL levels were significantly higher
in ESRD group than those in non-ESRD group [2,783.75 (1,244.28, 3,837.07) vs. 1,141.60 (652.67,
3,188.44) ng/mL, P=0.016; 1.02 (0.43, 2.05) vs. 0.27 (0.04, 0.58) ng/mg, P<0.01, respectively]. Both
univariate and multivariate Cox analysis showed that serum MBL >1,108.75 ng/mL (stratified by maximum
Youden index) was an independent predictor for ESRD [hazard ratio (HR) =4.164, 95% confidence interval
(CI): 1.601-10.833, P=0.003; HR =4.644, 95% CI: 1.320-16.337, P=0.017; respectively]. For the patients
with rs1800450 SNPs of MBL?2 gene, patients with homozygous genotype (GG) had higher serum MBL level
(median 2,963.52 ng/mL) compared with those with heterozygous genotype (GA) (median 665.38 ng/mL)
(P<0.001). MBL?2 rs1800450 GA genotype was an independent protective factor for ESRD with a HR of 0.485
95% CI: 0.237-0.991; P=0.047).

Conclusions: Activation of MBL contributed to the progression of DN. The rs1800450 SNP of the MBL2
gene may be of value in predicting the progression to ESRD in DN patients.
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Introduction

Diabetes accounts for 30-50% of chronic kidney disease
(CKD) and the proportion is increasing rapidly (1).
Renal inflammation is involved in the pathogenesis and
progression of diabetic nephropathy (DN) (2-5). Mannose-
binding lectin (MBL) is a natural immune soluble medium
that was shown to be involved in the development of DN
(6,7). Zheng et al. reported that MBL might act in the
activation of the complement mediated renal interstitial
injury (8). Li et a/l. found that MBL and factor Bb levels in
serum and urine were correlated with the severity of DN (9).
Also, MBL deposit was found in renal pathology in patients with
type 2 diabetes mellitus (DM) in different populations (10).

In this study, we aimed to determine whether MBL
contributes to the progression of DN and to identify its
correlation with the endpoint of end-stage renal disease
(ESRD) in DN patients; single nucleotide polymorphisms
(SNPs) of MBL2 gene were also studied. We present the
paper in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/atm-20-1073).

Methods
Patients

We enrolled 77 type 2 DM patients who were admitted into
our center from August 2013 to September 2016. All of
them received a renal biopsy, and serum and urine sample
acquisition at the time of renal biopsy. This retrospective
cohort study has adhered to the STROBE guidelines for
cohort studies. The diagnosis of type 2 DM or DN was
according to the criteria proposed by the American Diabetes

Type 2 diabetic nephropathy proven by renal
biopsy with serum sample (n=113)
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Association (ADA) in 2017 (11) or the criteria by the Renal
Pathology Society (RPS) in 2010 (12), respectively. Patients
complicated with other kidney diseases, active infections,
severe liver dysfunction, under immunosuppressive therapy,
kidney allograft recipients, reaching ESRD before renal
biopsy, with incomplete baseline data, or lost in follow-up
were excluded. The flow chart is shown in Figure 1. The
number of cases during the study period determined the
sample size. The research protocols were conformed to
the provisions of the Declaration of Helsinki (as revised
in 2013) and were approved by the Ethics Committee of
the First Affiliated Hospital of Medical School of Zhejiang
University (No. 2017243). All patients were informed
consent.

The baseline characteristics of the patients including the
demographic data, physical examination, the comprehensive
chemical panel on the day of the renal biopsy were collected
from the hospital information system. We kept following
up each patient until a confirmed ESRD or the last follow-
up time of August 31, 2018. The data on outcomes was
obtained from outpatient medical records, the website
of Zhejiang Medical Quality Control and Evaluation for
Dialysis, and telephone follow-ups. ESRD was defined as
an estimated glomerular filtration rate (eGFR, calculated
by CKD-EPI formula) lower than 15 mL/min/1.73m’ or
requirement of renal replacement therapy.

Blood and urine samples processing

Blood and urine samples were collected on the same day
of renal biopsy. Serum and blood mononuclear cells were
separated and stored in aliquots at -80 °C until usage.

Liver dysfunction (n=2)

~| Taking steroid or immune-suppressant (n=3)

Coexistence with other renal diseases (n=17)
Coexistence with active infection (n=1)

Renal transplantation (n=2)
Insufficient main clinical information (n=11)

The first cohort for relationship between MBL
level and renal outcome (n=77)

Figure 1 The flow chart of the patient recruitment in this study. MBL, mannose-binding lectin.
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Serum samples for complement measurement were thawed
at room temperature for 1 hour, and then centrifuged at
3,500 rpm for 5 min at 4 °C in a Thermo Scientific™
Heraeus' Multifuge™ X1 Centrifuge (ThermoFisher

Scientific, Rockford, IL, USA).

Quantification of MBL levels

Serum or urine MBL levels were measured by enzyme
linked immunosorbent assay (ELISA). Commercial ELISA
kits (R&D Systems, USA) were used according to the
manufacturer’s instructions. Samples were thawed rapidly
at 37 °C and then kept on ice before measuring to ensure
no additional complement activation. Repeated freeze-thaw
cycles were avoided.

Renal bistology

Each biopsy was routinely processed for light microscopy,
immunofluorescence, and electron microscopy. The
pathological classification and scores were evaluated based
upon the 2010 RPS criteria. Renal pathological findings
were categorized by glomerular lesions (I, Ila, IIb, III, IV),
interstitial fibrosis and tubular atrophy (IFTA) [0, 1, 2, 3],
interstitial inflammation [0, 1, 2] and arteriosclerosis [0, 1, 2].

Cell sample processing

Cell samples were thawed, transferred to
ethylenediaminetetraacetic acid (EDTA) tubes, remained at
room temperature for 30 min, and then centrifuged at 3,500 rpm

™ ™
Heraeus

for 5 min at 4 °C in a Thermo Scientific
Multifuge™ X1 Centrifuge (Thermo-Fisher Scientific,
Rockford, IL, USA). The supernatant was disposed with
erythrocyte lysis and then centrifuged again at 3,500 rpm

for 10 min to collect blood mononuclear cells.

SNP selection and genotyping

SNPs in the MBL2 gene are associated with variation
in quantity and/or function of serum MBL. The
polymorphism is determined by the co-occurrence of three
promoter variants (H/L, rs11003125; X/Y, rs7096206; and
P/Q, rs7095891) and one exon 1 variant (B, rs1800450) (13).
DNA from DN patients was sequenced using the sanger
two-way sequencing (model 3730; Applied BioSystems).
Primer sequences for MBL2 were forward primer
(5'-GTTTTCTAATTGCCAGTGG-3") and reverse
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primer (5'-CAAATAGGACATCAGTCTCC-3").

Statistical analysis

All statistical analyses were performed with SPSS software,
version 19.0 (SPSS Inc., Chicago, IL, USA). The figures
were constructed by MedCalc, version 15, or GraphPad
Prism 8. The results were expressed as means with standard
deviation (SD) for normally distributed continuous
variables, median values (interquartile ranges, IQR) for non-
normally distributed continuous variables, or frequencies
and percentages for categorical variables. The unmeasured
results were regarded as deficiency. The patients lost to
follow-up were excluded in this retrospective cohort study.
Student’s 7-test for independent samples was used for
comparisons of normally distributed continuous variables.
Comparisons of non-normally distributed continuous
variables were performed using Mann-Whitney U-test.
The Chi-square test was used for categorical variables. The
receiver operating characteristic (ROC) curves were used
to analyze predictors for ESRD, and the cut-off value was
calculated by the maximum of the Youden index (sensitivity
+ specificity-1). The renal survival was established by
Kaplan-Meier curves, and differences in survival rates
were assessed with the log-rank test. The risk factors for
ESRD were examined via Cox proportional hazards models.
Variables statistically significant in univariate analyses
entered into multivariate Cox models. A P value <0.05 was
considered statistically significant.

Results

The characteristics and MBL levels of DN patients with
different renal outcome

The baseline clinical characteristics of the DN patients
were shown in Table 1. Their average age was 52+10 years
and their median duration of diabetes history was 9.0 (4.0,
12.5) years. In a median follow-up duration of 28.0 (18.5,
40.0) months after renal biopsy, 33 (42.86%) patients
developed ESRD. The patients were divided into ESRD
group (33 patients) and non-ESRD group (44 patients).
The patients in ESRD group had more males, higher
diastolic blood pressure, serum creatinine and urine protein
levels, and lower serum albumin, hemoglobin and eGFR
levels compared with the patients in non-ESRD group.
The patients in ESRD group also had a shorter follow-up
duration and lower percentage of angiotensin-converting
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Table 1 The baseline clinical characteristics in DN patients
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Variables All ESRD Non-ESRD P value
Case number 77 33 44 -
Gender, male, n (%) 51 (66.23) 26 (78.79) 25 (56.82) 0.04
Age (years) 52+10 51+10 53+10 0.32
Known duration of diabetes, median (IQR) (years) 9.0 (4.0, 12.5) 10.0 (4.0, 11.5) 6.5 (3.25, 13.0) 0.60
Duration of follow-up, median (IQR) (months) 28.0 (18.5, 40.0) 15.0 (8.0, 27.5) 36.9 (27.9, 46.0) <0.01
Systolic blood pressure (mmHg) 144417 145+18 142+16 0.47
Diastolic blood pressure (mmHg) 85+11 88+10 83+10 0.03
Hemoglobin (g/L) 108.25+19.70 101.39+18.77 113.39+19.00 <0.01
HbA1c (%) 7.76+2.04 8.05+2.02 7.33+2.04 0.15
Serum albumin (g/L) 32.83+6.77 29.39+5.98 35.41+6.21 <0.01
Triglycerides (mmol/L) 2.01+1.47 1.66+1.08 2.28+1.66 0.06
Low-density lipoprotein (mmol/L) 2.83+1.38 2.58+1.22 3.02+1.48 0.19
High-density lipoprotein (mmol/L) 1.16+0.37 1.18+0.39 1.16+0.36 0.80
Urinary protein (g/gCr) 4.33+2.97 5.88+2.91 3.24+2.52 <0.01
Serum creatinine (umol/L) 124.07+54.91 148.74+61.81 105.56+40.84 <0.01
Serum urea nitrogen (mmol/L) 8.63+3.49 9.46+3.30 8.00+3.54 0.07
eGFR (mL/min/1.73 m?) 61.66+24.92 51.66+21.31 69.17+25.00 <0.01
CRP, median (IQR) (mg/L) 2.25(1.40, 3.32) 2.70 (1.70, 4.20) 2.20 (1.40, 3.30) 0.30
ACEI/ARB use, n (%) 59 (76.62) 19 (57.57) 40 (90.91) <0.01
CCB use, n (%) 50 (64.94) 23 (69.69) 27 (61.36) 0.49
Insulin use, n (%) 57 (74.02) 26 (78.78) 31 (70.45) 0.41

DN, diabetic nephropathy; ESRD, end-stage renal disease; IQR, interquartile range; eGFR, estimated glomerular filtration rate; CRP,
C-reactive protein; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin Il receptor blocker; CCB, calcium channel blocker.

enzyme inhibitor (ACEI)/angiotensin II receptor blocker
(ARB) usage. The renal pathological characteristics in
both groups were shown in 7able 2. The patients in ESRD
group had a higher grade of IFTA than those in non-
ESRD group (P<0.05); however, there were no significant
differences in glomerular lesions, interstitial inflammation,
or arteriosclerosis between the two groups.

The median (IQR) serum MBL level was substantially
higher in ESRD group than that in the non-ESRD
group [2,783.75 (1,244.28, 3,837.07) vs. 1,141.60 (652.67,
3,188.44) ng/mL, P=0.016, Figure 2A]. Seventy-two out
of the 77 patients had available urine samples. We then
measured urine MBL level (normalized for urinary creatinine
concentration) and found urine MBL level was also higher

in ESRD group than that in non-ESRD group [1.02 (0.43,
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2.05) vs. 0.27 (0.04, 0.58) ng/mg, P<0.01, Figure 2B]. The
cut-off values based on the maximum value of the Youden
index in ROC analysis were serum MBL >1,108.75 ng/mL
(Figure 34) and urine MBL >0.61 ng/mg (Figure 3B) for
prediction of ESRD. By univariate Cox analysis, shown
in Table 3, serum MBL >1,108.75 ng/mL and urine MBL
>0.61 ng/mg were risk factors for ESRD [hazard ratio (HR)
-4.164, 95% CI: 1.601-10.833, P=0.003; HR =5.337, 95%
CI: 2.332-12.214, P<0.001, respectively]. Adjusted by the
characteristics of urine MBL, diastolic blood pressure,
hemoglobin, urinary protein, eGFR, and the classification
of IFTA, ACEI/ARB usage, serum MBL >1,108.75 ng/mL
remained an independent risk factor for ESRD [HR =4.644,
95% CI: 1.320-16.337, P=0.017] by multivariate Cox

analysis.
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Table 2 Renal pathological findings in the DN patients
Pathological lesions, n (%) ESRD group Non-ESRD group b P value
Case number 33 44 - -
Glomerular classification 3.215 0.522
| 2 (6.06) 4 (9.09)
lla 10 (30.30) 21 (47.73)
lb 3(9.09) 3(6.82)
1] 13 (39.39) 12 (27.27)
v 5(15.15) 4 (9.09)
IFTA 8.152 0.043
0 0 (0) 3(6.82)
1 4(12.12) 15 (34.09)
2 14 (42.42) 12 (27.27)
3 15 (45.45) 14 (31.82)
Interstitial inflammation 0.825 0.662
0 0(0) 1(2.27)
1 19 (57.58) 26 (59.09)
2 14 (42.42) 17 (38.64)
Arteriosclerosis 0.581 0.748
0 31 (93.94) 40 (90.91)
1 1(3.03) 1(2.27)
2 1(3.03) 3(6.82)

DN, diabetic nephropathy; ESRD, end-stage renal disease; IFTA, interstitial fibrosis and tubular atrophy.

The SNPs of MBL2 gene in DN patients with different
MBL levels

The 77 DN patients were divided low serum MBL group
(serum MBL <1,108.75 ng/mL) and high serum MBL
group (serum MBL >1,108.75 ng/mL) by the cut-off value
of serum MBL. The median serum MBL was 542.02
(265.01, 783.02) ng/mL in low serum MBL group, and
3,136.78 (2,023.80, 3,881.09) ng/mL in high serum MBL
group (P<0.01). Five (6.84%) patients in low serum MBL
group and 28 (38.35%) patients in high serum MBL group
reached ESRD during follow-up. Kaplan-Meier survival
analysis showed that the renal survival rate was higher in low
serum MBL group than that in high serum MBL group (log
rank =10.177, P<0.01) (Figure 44). Also, 72 patients with
urine MBL results were divided into low urine MBL group
(urine MBL <0.61 ng/mg) and high urine MBL group (urine
MBL >0.61 ng/mg) by the cut-off value of urine MBL.

© Annals of Translational Medicine. All rights reserved.

The median urine MBL level was 0.14 (0.03, 0.37) ng/mg
in low urine MBL group, and 1.60 (0.96, 2.28) ng/mg
in high urine MBL group (P<0.01). Eight (11.11%) patients
in low urine MBL group and 21 (29.16%) patients in high
urine MBL group developed ESRD. Kaplan-Meier survival
analysis showed that renal survival rate was higher in low
urine MBL group than that in the high urine MBL group
(log rank =19.569, P<0.01) (Figure 4B).

The distribution of the genotype of MBL2 SNPs in
groups of patients with different serum or urine MBL levels
was shown in 7able 4. For SNP rs1800450, the frequencies
of homozygous genotype (GG) and heterozygous genotype
(GA) were different between high serum MBL group and
low serum MBL group (P<0.01); whereas the frequencies
were similar between high urine MBL group and low urine
MBL group (P=0.52). For SNP rs11003125, rs7096206, and
rs7095891, the frequencies were similar in both groups with

Ann Transl Med 2020;8(21):1399 | http://dx.doi.org/10.21037/atm-20-1073
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Figure 2 The serum (A) and urine (B) levels of MBL in DN
patients. MBL, mannose-binding lectin; ESRD, end-stage renal
disease; Cr, creatinine; DN, diabetic nephropathy.

different serum or urine MBL levels.

Patients with rs1800450 GG genotype had a higher
serum MBL level (median 2,963.52 ng/mL) compared with
those with GA genotype (median 665.38 ng/mL) (Z=-5.092,
P<0.001) (Figure 5A). However, the urine MBL level was
not statistically different between patients with rs1800450
GG genotype and GA genotype (Figure 5B).

The validation of the SNPs in the MBL2 gene in DN

patients with different outcomes

In order to validate the correlation of MBL2 SNPs with
clinical outcomes, we retrospectively enrolled a new
cohort of 133 DN patients with the same inclusion and
exclusion criteria as the previous cohort. These patients
were admitted in our hospital from March 2005 to March
2018 and SNPs were analyzed. They had no serum or urine
samples available. The baseline characteristics of these
patients were shown in Tables S1,S2. The MBL2 SNPs of
rs7096206, rs11003125, rs1800450, and rs7095891 were
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Figure 3 Receiver operating characteristic curve analysis using
serum MBL levels (A) and urine MBL levels (B) at baseline for
prediction of end stage renal disease in DN patients. MBL,
mannose-binding lectin; DN, diabetic nephropathy.

shown in Table 5. There were 58 (43.61%) patients in ESRD
group and 75 (56.39%) patients in non-ESRD group. The
patients in non-ESRD group showed a tendency of higher
frequency of rs1800450 GA genotype than that in ESRD
group (P=0.053). Furthermore, rs1800450 GA genotype
was proven an independent protective factor for ESRD (HR
=0.485, 95% CI: 0.237-0.991, P=0.047) by multivariate Cox
analysis, adjusted by the characteristics of diastolic blood
pressure, hemoglobin, eGFR, and the classification of IFTA,
interstitial inflammation and arteriosclerosis, and the MBL2

SNPs of rs11003125, rs7096206, and rs7095891 (Table 6).

Discussion

This study showed that the serum and urine MBL levels
were higher in DN patients who were prone to develop
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Table 3 The analysis of risk factors for ESRD by univariate Cox regression

Factors Stratification HR (95% ClI) P value
Gender Male 2.093 (0.907, 4.829) 0.083
Diastolic blood pressure (mmHg) >90 2.395 (1.202, 4.775) 0.013
Hemoglobin (g/L) <130 (male), <120 (female) 3.460 (1.054, 11.356) 0.041
Urinary protein (g/gCr) >3.5 4.668 (1.997, 10.908) <0.001
Serum creatinine (umol/L) >10 4(male), =84 (female) 3.613 (1.489, 8.768) 0.005
eGFR (mL/min/1.73 m?) <60 2.480 (1.200, 5.125) 0.014
ACEI/ARB use Yes 0.196 (0.095, 0.402) <0.001
IFTA Absent =0; <25% =1; 25-50% =2; >50% =3 1.636 (1.055, 2.536) 0.028
Interstitial inflammation Absent =0; infiltration only in relation to IFTA 1.139 (0.593, 2.187) 0.696

=1; infiltration in area without IFTA =2
Arteriosclerosis No intimal thickening =0; intimal thickening less 0.973 (0.408, 2.317) 0.950
than thickness of media =1; intimal thickening
greater than thickness of media =2

Serum MBL (ng/mL) >1,108.75 4.164 (1.601, 10.833) 0.003
Urinary MBL/Cr (ng/mg) >0.61 5.337 (2.332, 12.214) <0.001

Note: the MBL were stratified by the cut-off levels in serum and urine. ESRD, end-stage renal disease; HR, hazard ratio; Cl, confidence
interval; Cr, creatinine; eGFR, estimated glomerular filtration rate; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin I
receptor blocker; MBL, mannose-binding lectin; IFTA, interstitial fibrosis and tubular atrophy.
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Figure 4 The cumulative renal survivals in two groups of DN
patients categorized by serum MBL levels (A) and urine MBL
levels (B) respectively, using the Kaplan-Meier method and
log-rank test. MBL, mannose-binding lectin; DN, diabetic
nephropathy.
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ESRD, and serum MBL level was an independent risk factor
for the progression to ESRD. In addition, the patients with
GA genotype of rs1800450 of the MBL2 gene had lower
serum MBL level and less possibility of developing ESRD.
Activation of MBL may initiate the regional and systemic
inflammation through the cascade of complement and
modulation of pro-inflammatory cytokine production (14).
Studies showed increased plasma level of MBL was associated
with the development of DN in patients with type 2 DM
(8,9,15). Also, MBL and MBL-associated serine protease
1 (MASP1) deposited in the renal tubular interstitium,
closely correlated with the severity of tubular interstitial
injury (8,16). Hansen ez al. (17) reported that in type 2 DM
patients, measurement of MBL alone or in combination with
C-reactive protein (CRP) can provide prognostic information
on the development of albuminuria. Another study
showed that elevated serum MBL in type 2 DM patients
was correlated with the development of DN, especially in
combination with serum CRP (18). MBL may also participate
in the development of DN through oxidative stress and
coagulation cascades (19,20). These studies suggested that
MBL may be involved in the mechanism of DN progression.
We found that the elevated serum MBL level was an

Ann Transl Med 2020;8(21):1399 | http://dx.doi.org/10.21037/atm-20-1073
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Table 4 The distribution of genotype of MBL2 SNPs in groups of patients with different MBL levels in serum or in urine

Serum

Urine

Polymorphisms Low MBL group

High MBL group (serum

Low MBL group High MBL group (urinary

P ffg;‘f;“s'\:;;u MBL >1,108.75 ng/ml) © Valu® (“””arr’]'g'\/"j; <061 MBL>061ng/mg | VaUe
N 25 48 41 27 -
rs11003125, n (%) 0.05 0.96
CC/GG 18 (72.00) 23 (47.92) 23 (56.10) 15 (55.56)
GC 7 (28.00) 25 (52.08) 18 (43.90) 12 (44.44)
rs70962086, n (%) 0.13 0.52
CC/GG 15 (60.00) 37 (77.08) 29 (70.73) 21 (77.78)
GC 10 (40.00) 11 (22.92) 12 (29.27) 6 (22.22)
rs1800450, n (%) <0.01 0.52
GG 9 (36.00) 45 (93.75) 29 (70.73) 21 (77.78)
GA 16 (64.00) 3 (6.25) 12 (29.27) 6 (22.22)
rs7095891, n (%) 0.90 0.87
CCAT 20 (80.00) 39 (81.25) 34 (82.93) 22 (81.48)
TC 5 (20.00) 9 (18.75) 7 (17.07) 5(18.52)

MBL, mannose-binding lectin; SNPs, single nucleotide polymorphisms.

A
6000+ P<0.001
= —_—
IS
S
2
= 4000+
]
>
K}
o
S 20004
g 0e0° o
$ 0 o0 X (Y )
GA
rs1800450
B
g
>
£ 44 0
°
% o
24 e’ o
g oo. .
Y Tol®
> 1+ 00g00® o
5 0-
GG GA

Figure 5 Distribution of serum MBL level (A) and urine MBL
level (B) in study population stratified by gene variants of
rs1800450. MBL, mannose-binding lectin; Cr, creatinine.
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independent risk factor for the progression to ESRD in DN
patients, and the risk of ESRD was 4.644 assessed by HR
when serum MBL was higher than 1,108.75 ng/mL.

This study investigated the correlation of the MBL2
SNPs with DN progression, and further proved this
correlation in a new cohort of DN patients. Bijkerk ez a/.
demonstrated that circulating MBL levels were associated
with DN, possibly being dependent on polymorphisms of
the MBL2 exon 1 and promoter (21). Similarly, patients
with the GA genotype of MBL2 rs1800450 gene had low
serum MBL level in our study, consistent with the previous
study (13). rs1800450 was the main variant in the exon
1 region of the MBL2 gene and was shown to be associated
with the development of type 2 diabetes (22). In Hansen’s
study, genotypes with high MBL expression were
more frequent in DN patients than those with normal
urinary albumin excretion (UAE), and the risk of having
nephropathy was 1.52 assessed by odds ratio (OR) given a
high MBL genotype (23). Our results indicated that DN
patients with heterozygous genotype (GA) of rs1800450
had better renal outcomes than those with homozygous
genotype, decreasing the HR of ESRD development in
DN patients by 51.5%. These results suggested that the

Ann Transl Med 2020;8(21):1399 | http://dx.doi.org/10.21037/atm-20-1073



Annals of Translational Medicine, Vol 8, No 21 November 2020 Page 9 of 11
Table 5 The distribution of MBL2 SNPs with different renal outcome in 133 DN patients
Polymorphisms Total ESRD group Non-ESRD group $ P value
N (%) 133 58 (43.61) 75 (56.39) - -
rs11003125, n (%) 0.473 0.492
CC/GG 71 (53.38) 29 (50.00) 42 (56.00)
GC 62 (46.62) 29 (50.00) 33 (44.00)
rs7096206, n (%) 0.700 0.403
CC/GG 101 (75.94) 42 (72.41) 59 (78.67)
GC 32 (24.06) 16 (27.59) 16 (21.33)
rs1800450, n (%) 3.744 0.053
GG/AA 99 (74.44) 48 (82.76) 51 (68.00)
GA 34 (25.56) 10 (17.24) 24 (32.00)
rs7095891, n (%) 0.308 0.579
CC/TT 112 (84.21) 50 (86.21) 62 (82.67)
TC 21 (15.79) 8 (13.79) 13 (17.33)

MBL, mannose-binding lectin; SNPs, single nucleotide polymorphisms; DN, diabetic nephropathy.

Table 6 The correlation between complement activation and renal outcome with respect to end-stage renal disease by the multivariate Cox

regression in 133 DN patients

Factors Stratification HR (95% Cl) P value
Diastolic blood pressure, mmHg >90 1.759 (1.024, 3.021) 0.041
Hemoglobin, g/L <130 (male), <120 (female) 0.562 (0.247, 1.282) 0.171
eGFR (mL/min/1.73 m?) <60 2.177 (1.168, 4.058) 0.014
IFTA Absent =0; <25% =1; 25-50% =2; >50% =3 1.702 (1.099, 2.637) 0.017
Interstitial inflammation Absent =0; infiltration only in relation to IFTA =1; 0.626 (0.338, 1.160) 0.137
infiltration in area without IFTA =2
Arteriosclerosis No intimal thickening =0; intimal thickening less than 1.165 (0.719, 1.889) 0.535
thickness of media =1; intimal thickening greater than
thickness of media =2
rs1800450 GA 0.485 (0.237, 0.991) 0.047
rs1103125 GC 0.871 (0.483, 1.570) 0.645
rs7096206 GC 1.143 (0.597, 2.190) 0.687
rs7095891 TC 1.125 (0.496, 2.553) 0.778

DN, diabetic nephropathy; HR, hazard ratio; Cl, confidence interval; eGFR, estimated glomerular filtration rate; IFTA, interstitial fibrosis and

tubular atrophy.

GA genotype of rs1800450 may be valuable for predicting
the incidence of ESRD in DN patients. In addition, no
correlation was observed between the other gene SNPs and
ESRD in the present study, which is consistent with the

© Annals of Translational Medicine. All rights reserved.

previous study by Zhang et al. (13)
In conclusion, activation of MBL was correlated with

the progression of DN. The rs1800450 SNP of the MBL2
gene may be valued in predicting the incidence of ESRD

Ann Transl Med 2020;8(21):1399 | http://dx.doi.org/10.21037/atm-20-1073
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in DN patients. Considering the limitations of this study
as a single-center study with a small sample size, the role of
MBL in DN pathogenesis needs to be further confirmed.
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