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Summary

Mounting evidence indicates that adverse activation of the complement

system plays a role in the development of diabetic vascular complications.

Plasma levels of the complement proteins mannan-binding lectin (MBL)

and its associated serine proteases (MASP-1 and MASP-2) are elevated in

diabetes. We hypothesized that single nucleotide polymorphisms (SNPs) in

the MASP1 gene may contribute to altered plasma levels of the belonging

gene products; MASP-1, MASP-3 and mannan-binding lectin-associated

protein of 44 kDa (MAp44) in patients with type 2 diabetes. To investigate

this, we compared plasma levels of MASP-1, MASP-3 and MAp44 in 100

patients with type 2 diabetes and 100 sex- and age-matched controls. Ten

carefully selected SNPs were analysed using TaqManVR genotyping assay.

Additionally, we included a streptozotocin-induced diabetes mouse model

to directly examine the effect of inducing diabetes on MASP-1 levels. MASP-

1 levels were significantly higher among patients with type 2 diabetes

compared with healthy controls (P 5 0�017). Five SNPs (rs874603,

rs72549254, rs3774275, rs67143992, rs850312) in the MASP1 gene were

associated with plasma levels of MASP-1, MASP-3 and MAp44. In the

diabetes mouse model, diabetic mice had significantly higher MASP-1 levels

than control mice (P 5 0�003). In conclusion, MASP-1 levels were higher

among patients with type 2 diabetes and diabetic mice. The mechanism

behind this increase remains elusive.

Keywords: complement, mannan-binding lectin-associated serine proteases,

single nucleotide polymorphism, type 2 diabetes mellitus

Introduction

An increasing number of studies suggest that the comple-

ment system, as a part of the innate immune system, plays

an important role in the development of diabetic vascular

complications [1–4]. The system is composed of plasma

proteins produced mainly by the liver, and plays a crucial

role in recognition and clearance of infectious microbes.

Three distinct pathways can initiate the complement sys-

tem: the classical, the alternative and the lectin pathways.

All three pathways lead to formation of the C3 convertase

with subsequent downstream effects that include recruit-

ment of inflammatory cells, opsonization and generation

of the membrane attack complex causing cell lyses [5].

The lectin pathway is activated when one of the five known

activation molecules [mannan-binding lectin (MBL), ficolin-

1, ficolin-2, ficolin-3 or collectin-LK] binds to a target sugar

molecule. The activation is mediated by the MBL-associated

serine proteases (MASPs), three of which are known: MASP-

1, MASP-2 and MASP-3. When MASP-1 is activated it cleaves

MASP-2 that subsequently cleaves the complement factors C2

and C4 leading to formation of the C3 convertase [6]. The

role of MASP-3 has not yet been elucidated fully [5].

MBL levels are elevated in both patients with type 1 dia-

betes [7] and type 2 diabetes [8], and in the last decade

increased MBL and ficolin levels have, in a number of pro-

spective studies, been associated with cardiovascular mor-

bidity and mortality in diabetes [8–10]. Circulating levels

of MBL are mainly determined genetically [11], and the

MBL2 genotype with the highest level of MBL is associated

with mortality in type 1 diabetes [12]. Compared to MBL,

the role of MASPs in diabetes remains less explored.

MASP-1 and MASP-2 levels, however, have been shown
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recently to be elevated in patients with type 1 diabetes [13]

and polymorphisms in MASPs were found to be associated

with the belonging protein products [14,15].

The MASP1 gene is located on chromosome 3q27-28 [16],

and encodes a primary transcript which is spliced by mutually

exclusive splicing into three different messenger ribonucleic

acids (mRNAs) coding for MASP-1, MASP-3 and mannan-

binding lectin-associated protein of 44 kDa (MAp44) [17].

All three splice products share the first eight exons. The

ninth exon is unique to MAp44, which makes Map44 a trun-

cated serine protease without any cleavage function. Exon 12

and exons 13–18 encode the serine protease domain of

MASP-3 and MASP-1, respectively [17]. The locations of the

polymorphisms we have investigated are listed in Table 2.

Plasma levels of MASP-1 and the influence of MASP1

gene polymorphisms have, to our knowledge, never been

studied previously in type 2 diabetes; neither has the direct

effect of diabetes on plasma level of MASP-1 in a mouse

model. The aim of this study was thus to investigate the

correlation between MASP1 single nucleotide polymor-

phisms (SNPs) and the plasma concentrations of MASP-1,

MASP-3 and MAp44 in 100 patients with type 2 diabetes

and 100 age- and sex-matched control subjects. Further-

more, we wanted to investigate the MASP-1 concentration

in a mouse model before and 18 weeks after inducing dia-

betes in one group of the mice.

Materials and methods

Subjects

The study cohort consisted of 100 patients with newly diag-

nosed type 2 diabetes and 100 age- and gender-matched

controls recruited, as described previously [18,19], from

the out-patient clinics at Aarhus University Hospital, Aar-

hus, Denmark and by advertising in the local press. The

inclusion criteria were aged more than 18 years and a diag-

nosis of type 2 diabetes according to World Health Organi-

zation criteria [20] with a duration of less than 5 years.

Undiagnosed diabetes among the control subjects was

excluded by fasting glucose and oral glucose tests.

Blood samples were not obtainable for one participant.

For that reason, this participant and the belonging match

were excluded in the statistical analysis.

The study complied with the Declaration of Helsinki

and was approved by the Research Ethics Committee

of Central Region (1-10-72-349-13) and by the Danish

Data Protection Agency (1-16-02-505-13), Denmark. All

patients gave their written informed consent to participate.

Protein measurements

Blood samples were obtained from our study cohort in 2008–

09. The samples were stored at 2808C. Ethylenediamine tet-

raacetic acid (EDTA) plasma for MASP-1, MASP-3 and

MAp44 levels were analysed using time-resolved immuno-

fluorometric assay with Europium (Eu)-labelled antibodies

[21], described in detail previously for MASP-3 and Map44

assays [22]. All three assays were of the conventional sand-

wich configuration. In brief, microtitre wells were coated

overnight with monoclonal mouse anti-human antibodies.

After blocking with Tris-buffered saline (TBS)/Tween the

diluted plasma samples, standards and controls were added

in duplicate and incubated overnight in 48C; the wells were

washed thrice with TBS/Tween/Ca21 and the bound protein

was detected with biotinylated antibodies. Excess antibodies

were removed after washing thrice with TBS/Tween/Ca21

and the biotinylated antibodies were detected with Eu-

streptavidin. After a final washing, enhancement buffer was

added to make the Eu dissociate, and quantification of the

fluorescence was measured using a dissociation-enhanced

lanthanide flouroimmunoassay reader.

Genotyping

Ten MASP1 SNPs were selected (Table 2) based on previ-

ously described phenotype associations [14,15], non-

synonymous SNPs and synonymous SNPs located in

regulatory regions, promotor regions, exons or introns in

the splicing-region of the gene. Location of the SNPs were

found using Variation Viewer [23] and from previous

descriptions in the literature [14,15,24].

The SNPs were analysed using TaqMan
VR

genotyping

assays (Applied Biosystems, Foster City, CA, USA). For all

TaqMan assays deoxyribonucleic acid (DNA) amplifica-

tions were carried out in 25-ml polymerase chain reactions

(PCR) containing 20 ng DNA, 0�9 mM primers and 0�2 mM

probes (final concentrations), and amplified in 96-well

plates. Reactions were performed on a GeneAmp PCR 9700

or a 7900 HT Sequence Detection System: 958C for 10 min,

followed by 40 cycles of 958C for 15 s and 608C for 1 min.

The genotyping was determined by measuring the end-

point fluorescence on a 7900 HT Sequence Detection Sys-

tem (SDS) using SDS version 2.3 software.

Animals

The animals used were 11-week-old female C57BL/6J wild-

type mice (Taconic, Ry, Denmark) [25].

The animals were housed three to eight per cage and had

free access to tap water and standard chow (Altromin no.

1324; Altromin International, Lage, Germany). The envi-

ronment was kept stable with a 12-h light–dark cycle, a

temperature of 21 6 18C and humidity of 55 6 5%. The

animals were randomized into a diabetic and non-diabetic

group with 11 mice in each group.

Diabetes was induced by five intraperitoneal injections

of streptozotocin (STZ) dissolved in a cold 10 mM citrate

buffer (doses of 55 mg/kg body weight; Sigma Aldrich, St

Louis, MO, USA) on 5 consecutive days. The animals were

fasting 4 h prior to injection. If the blood glucose did not
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rise sufficiently, two reinjections were given. Controls were

injected with citrate buffer. The 18-week experiment was

initiated when the mice were diabetic (blood

glucose> 15 mM). Body weight and blood glucose were

measured weekly. Animals with more than 15% sustained

weight loss, signs of illness or persistent ketonuria were

excluded from the study. Blood glucose was measured by

ContourTM (Bayer Diabetes Care, Kongens Lyngby, Den-

mark) and the urine was tested for ketone bodies with

Combur Test D (Roche Diagnostics GmbH, Mannheim,

Germany). One mouse from the diabetic group was

excluded because blood glucose levels were <15 mM.

The study complied with the regulations for care and

use of laboratory animals.

Statistical analysis

Comparison of clinical characteristics between the two

groups was performed using a paired t-test. Assumption of

normal distributions was tested by histograms and Q–Q

plots. Diabetes duration and triglyceride levels were

skewed, and therefore log-transformed before t-tests were

performed. Descriptive characteristics of the study popula-

tion are presented as means 6 standard deviation (s.d.) for

normally distributed data or median [interquartile range

(IQR)] for skewed data. All statistical results are presented

as mean [95% confidence interval (CI)]. Dichotomous out-

comes were tested with McNemar’s test for paired data.

Analysis of variance (ANOVA) was used to investigate the

association between plasma protein concentration and the

covariates body mass index (BMI), haemoglobin A1c

(HbA1c), diabetic status and MASP1 genotypes. In order to

adjust for matching, the model was based on linear regres-

sion. The most frequent genotype was used as baseline vari-

able. When testing diabetic and control groups separately,

one-way analysis of variance (ANOVA) was used. If only one

or two individuals had a given genotype, this genotype was

not in the ANOVA. Interactions between the effects of

MASP1 SNPs and diabetic status on the protein concentra-

tion were tested with the interaction parameters incorpo-

rated into the regression models. Assumptions of normal

distribution within each group and equal variances in all

groups were tested with Q–Q-plots, student’s F-test or Bar-

tlett’s test. Genotype distributions for SNPs between gen-

der, diabetes patients and control subjects were compared

using v2 or Fisher’s exact test. A P-value< 0�05 was consid-

ered statistically significant.

The data were analysed using Stata software version 13.1

(StataCorp, College Station, TX, USA).

Results

Characteristics of the study population are presented in

Table 1. The median diabetes duration of the patients was

less than 2 years and the glycaemic control was excellent,

but they were generally overweight. There was no difference

in smoking habits, 24-h ambulatory systolic or diastolic

blood pressure between the two groups. However, signifi-

cantly more patients with diabetes than controls were

receiving anti-hypertensive and cholesterol-lowering treat-

ment. Consequently, the diabetic group had significantly

lower cholesterol levels.

Plasma levels of MASPs and MAp44

MASP-1 levels were significantly higher in patients with type

2 diabetes (mean 5 10�17 mg/ml, 95% CI 5 9�68, 10�66)

than in the control subjects (mean 5 9�39 mg/ml, 95%

CI 5 9�03, 9�75, P 5 0�017). This remained significant when

adjusting for BMI (P 5 0�039). MAp44 levels were not

Table 1. Characteristics of the study population

Patients with diabetes Control subjects P-value

Sex (men/women), n* 51/48 51/48 –

Age (years) 6 s.d.† 58 6 10 58 6 10 –

Diabetes duration, median (IQR‡) 1�8 (0�7; 3�2) – –

HbA1c, % 6 s.d. 6�5 60�6 5�6 6 0�3 < 0�0001

BMI, kg/m2 6 s.d. 30 6 5 26 6 4 < 0�0001

Smoking, n (ever/never) 57/42 53/46 0�68

24-h ABPM§ systolic BP (mmHg) 6 s.d. 126 6 11 125 6 13 0�68

24-h ABPM diastolic BP (mmHg) 6 s.d. 74 6 7 76 6 8 0�14

24-h HR (bpm) 6 s.d. 74 6 10 68 6 9 0�008

Statin use, n (yes/no) 75/23 18/81 < 0�0001

Anti-hypertensive treatment, n (yes/no) 63/35 25/74 < 0�0001

Total cholesterol (mmol/l) 6 s.d. 4�4 6 0�8 5�7 6 1�0 < 0�0001

LDL-cholesterol (mmol/l) 6 s.d. 2�3 6 0�8 3�4 6 1�0 < 0�0001

HDL-cholesterol (mmol/l) 6 s.d. 1�4 6 0�3 1�7 6 0�6 < 0�0001

Triglycerides (mmol/l), median (IQR) 1�4 (1�1; 1�9) 1�2 (0�9; 1�6) 0�011

*n, 5 number; †s.d. 5 standard deviation; BP 5 blood pressure; ‡IQR 5 interquartile range; §ABPM 5 ambulatory blood pressure monitor-

ing; BMI 5 body mass index; HbA1c 5 haemoglobin A1c; HR 5 heart rate; LDL 5 low-density lipoprotein; HDL 5 high-density lipoprotein.

Plasma levels of MASPs and MAp44 in diabetes
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significantly higher among the patients (mean 5 2�59 mg/ml,

95% CI 5 2�46, 2�73) versus mean 5 2�41 mg/ml, 95%

CI 5 2�30, 2�53, P 5 0�055), nor did MASP-3 levels differ

between patients (mean 5 6�10 mg/ml, 95% CI 5 5�78,

6�41) and controls (mean 5 5�87 mg/ml, 95% CI 5 5�60,

6�15, P 5 0�30 (Fig. 1).

Effects of body mass index and glycaemic control

A significant correlation between MASP-3 levels (P 5 0�008,

r2 5 0�03), MAp44 levels (P 5 0�002, r2 5 0�05) and body

mass index (BMI) was observed (Fig. 2), but not between

BMI and MASP-1 levels (P 5 0�23). These associations

P = 0.017 P = 0.30

P = 0.055

Fig. 1. The mean plasma levels of mannan-binding lectin-associated serine protease (MASPs) and mannan-binding lectin-associated protein of 44 kDa

(MAp44) in patients with type 2 diabetes compared to control subjects. The bars illustrate mean and the whiskers illustrate 95% confidence interval.

[Colour figure can be viewed at wileyonlinelibrary.com].

P = 0.02
R 2 = 0.03

P = 0.01
R 2 = 0.05

Fig. 2. The relationship between body

mass index (BMI), mannan-binding

lectin- associated serine protease (MASP)-

3 and mannan-binding lectin-associated

protein of 44 kDa (MAp44)

concentrations. The red lines illustrate the

regression lines of MASP-3 and MAp44 as

function of BMI. R2 is the correlation

coefficient of the model and P is the P-

value of the correlation adjusted for

diabetes. [Colour figure can be viewed at

wileyonlinelibrary.com].
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remained significant when adjusting for diabetes, MAp44

(P 5 0�01) and MASP-3 (P 5 0�02), respectively. Moreover, a

significant association of the plasma concentration of

MASP-1 and MAp44 (P 5 0�02 for both proteins) with gly-

cated haemoglobin (HbA1c) was observed.

When adjusting for HbA1c the difference of MASP-1

concentration between patients with type 2 diabetes and

control subjects did not remain significant (P 5 0�26).

MASP1 genotypes

The genotypes were distributed equally between diabetic

patients and control subjects (Table 2). Men and women

were also tested separately, but no significant differences

were observed (data not shown). Rs3774275 was associated

with BMI, but only in the diabetic group, and when adjust-

ing for this in the genetic analysis no difference was

observed. For these reasons we did not adjust for BMI in

further analyses.

Association between SNPs and plasma levels

Association between SNPs and plasma concentration of

MASP-1, MASP-3 and MAp44 are presented in Tables (3–6).

When only one or two individual had a given genotype the

variance from this genotype was not tested, and no P-value is

therefore presented.

For the MASP-1 protein, the only SNP found to be asso-

ciated significantly with the plasma concentration was

rs3774275. The less frequent genotype (AA, n 5 28) was

associated with lower MASP-1 levels (mean 5 9�00 mg/ml,

95% CI 5 8�11, 9�89) compared to the more frequent

homozygote GG (n 5 85) (mean 5 10�19 mg/ml, 95%

CI 5 9�71, 10�67, P 5 0�03). Interactions between the

effects of genotypes in the MASP1 SNPs and diabetic status

were tested, and a significant interaction parameter was

found only for this SNP (rs3774275), GG 3 diabetic status

(P 5 0�045). The association of this SNP was present only

in the diabetes group (P 5 0�01) and not in the control

group (P 5 0�90) when analysing the two groups separately

(Table 4). When adjusting for diabetic status, no signifi-

cantly different associations between genotypes and MASP-

1 levels were obtained (data not shown).

Three SNPs (rs874603, rs67143992, rs850312) were asso-

ciated with plasma concentrations of MASP-3. Data for the

entire study population are shown in Table 3 and for the

groups separately in Table 5. In separate analyses, the asso-

ciations remained statistically significant only in the diabe-

tes group for rs87460 and rs67143992, but were attenuated

in the control group (P 5 0�07 for both SNPs).

Besides association with the MASP-3 concentration,

rs850312 was also associated with the plasma concentration

of MAp44 in the entire study population, as were

rs72549254 and rs3774275. While the genotype GG in

rs850312 was associated with lower MASP-3 levels

(mean 5 5�50 mg/ml, 95% CI 5 4�90, 6�10) compared to

the genotype AA (mean 5 6�42 mg/ml, 95% CI 5 6�07, 6�77,

P 5 0�005), GG had the opposite effect on MAp44 levels

(GG, mean 5 2�78 mg/ml, 95% CI 5 2�47, 3�10 versus AA,

mean 5 2�32 mg/ml, 95% CI 5 2�19, 2�45, P 5 0�005). The

effect of rs850312 on MAp44 plasma levels remained signifi-

cant in the control group (P 5 0�002) but not in the diabetes

group (P 5 0�06). The effect of the two other SNPs

(rs72549254 and rs3774275) did not remain significant

when analysing the groups separately (Table 6). When incor-

porating the interaction parameters, genotypes and diabetic

status to plasma levels of MASP-3 and MAp44, respectively,

no interactions were found, nor were any significantly differ-

ent associations between genotypes and protein levels of the

two proteins found when adjusting for diabetic status (data

not shown).

Diabetes mouse model

MASP-1 levels were identical in the two groups at base-

line (P 5 0�66, data not shown), and a fall in MASP-1

Table 2. Distribution of MASP-1 genotypes within diabetes and con-

trol groups

Diabetes Control

SNP Localization Gen.* n† n n P

rs874603 3’-UTR MASP-3 AA 176 86 90 0�74

AG 20 12 8

GG 2 1 1

rs710469 Intron 03 TT 46 18 28 0�16

TC 100 56 44

CC 46 22 24

rs190590338 Promoter GG 197 98 99 0�32

AG 1 1 –

rs35089177 Promoter AA 85 48 37 0�16

AT 100 47 53

TT 13 4 9

rs7625133 Promoter AA 171 83 88 0�14

AC 25 16 9

CC 2 – 2

rs72549254 Intron 01 TT 142 68 74 0�58

CT 51 29 22

CC 5 2 3

rs3774275 Intron 08 AA 28 12 16 0�71

AG 85 43 42

GG 85 44 41

rs67143992 3’-UTR MASP-3 CC 124 59 65 0�70

CT 67 36 31

TT 7 4 3

rs850312 Exon 12 AA 87 40 47 0�13

AG 89 51 38

GG 22 8 14

rs72549154 Exon 12 GG 190 93 97 0�12

GT 7 6 1

TT 1 – 1

*Gen. 5 genotypes; †n 5 number; MASP 5 mannan-binding lectin-

associated serine protease.

Plasma levels of MASPs and MAp44 in diabetes
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levels was observed from the study start (mean 5 6�04

units/ml, 95% CI 5 5�18, 6�90) to study end

(mean 5 2�14 units/ml, 95% CI 5 1�76, 2�52) in all

mice, P< 0�001, indicating that MASP-1 levels in general

decline with age in mice. However, at study end MASP-1 lev-

els were significantly higher in the diabetic mice (mean 5 2�6
units/ml, 95% CI 5 2�0, 3�3) compared to the non-diabetic

mice (mean 5 1�6 units/ml, 95% CI 5 1�5, 1�8), P 5 0�003

(Fig. 3).

Discussion

In the present study, we investigated the association

between MASP1 SNPs and plasma concentrations of the

corresponding gene products, MASP-1, MASP-3 and

MAp44, in patients with type 2 diabetes and control sub-

jects. In line with a previous study in patients with type 1

diabetes [13], we found significantly higher MASP-1 levels,

but not MASP-3 or MAp44 levels, in type 2 diabetic

patients compared to control subjects. In our genetic

Table 4. The effect of rs3774275 on MASP-1 levels in diabetes and control groups separately

SNP Gen.* n† dm‡

Concentration

mg/ml (95% CI§)

Diabetes group P n Con.¶

Concentration

mg/ml (95% CI§)

Control group P

rs3774275 AA 12 8�66 (6�71; 10�61) 0�01 16 9�26 (8�42; 10�10) 0.90

AG 43 9�90 (9�27; 10�53) 42 9�35 (8�72; 9�97)

GG 44 10�84 (10�08; 11�60) 41 9�48 (8�95; 10�01)

*Gen. 5 genotypes; †n 5 number. ‡dm 5 diabetes group; §CI 5 confidence interval; ¶con. 5 control group; MASP 5 mannan-binding

lectin-associated serine protease.

Table 3. The effect of SNPs on the concentration of MASP-1, MASP-3 and MAp44 for the entire study population

MASP-1 MASP-3 MAp44

SNP Gen.* n†

Concentration

mg/ml (95% CI‡) P

Concentration

mg/ml (95% CI) P

Concentration

mg/ml (95% CI) P

rs874603 AA 176 9�79 (9�45; 10�11) 5�87 (5�66; 6�08) 2�48 (2�39; 2�58)

GA 20 9�70 (8�85; 10�55) 0�86 6�91 (6�04; 7�78) 0�011 2�68 (2�32; 3�03) 0�23

rs710469 TT 46 9�81 (9�27; 10�35) 0�73 6�33 (5�87; 6�79) 0�11 2�41 (2�23; 2�58) 0�32

CT 100 9�68 (9�22; 10�15) 5�89 (5�61; 6�17) 2�52 (2�39; 2�65)

CC 46 10�06 (9�40; 10�71) 0�38 5�99 (5�53; 6�45) 0�72 2�63 (2�42; 2�87) 0�39

rs190590338 GG 197 9�77 (9�46; 10�08) – 5�99 (5�78; 6�19) – 2�50 (2�41; 2�59) –

AG 1 11�99 5�92 3�09

rs35089177 AA 85 9�85 (9�41; 10�30) 0�66 6�01 (5�67; 6�35) 1�00 2�60 (2�46; 2�74) 0�08

AT 100 9�71 (9�23; 10�18) 6�01 (5�72; 6�30) 2�44 (2�32; 2�58)

TT 13 9�86 (9�11; 10�61) 0�71 5�61 (4�98; 6�23) 0�19 2�31 (2�04; 2�59) 0�34

rs7625133 AA 171 9�83 (9�50; 10�16) 5�92 (5�70; 6�14) 2�53 (2�43; 2�62)

AC 25 9�59 (8�62; 10�55) 0�63 6�42 (5�70; 7�15) 0�17 2�39 (2�12; 2�66) 0�34

CC 2 7�97 6�24 1�79

rs72549254 TT 142 9�86 (9�59; 10�22) 5�87 (5�64; 6�10) 2�55 (2�44; 2�65)

CT 51 9�65 (9�03; 10�26) 0�56 6�23 (5�77; 6�69) 0�17 2�43 (2�26; 2�61) 0�28

CC 5 8�85 (7�01; 10�69) 0�11 6�82 (4�04; 9�59) 0�30 1�93 (1�36; 2�51) 0�002

rs3774275 AA 28 9�00 (8�11; 9�89) 0�03 6�22 (5�70; 6�75) 0�28 2�32 (2�04; 2�60) 0�03

AG 85 9�63 (9�19; 10�07) 0�10 6�02 (5�74; 6�31) 0�49 2�43 (2�29; 2�56) 0�04

GG 85 10�19 (9�71; 10�67) 5�87 (5�51; 6�23) 2�64 (2�51; 2�77)

rs67143992 CC 124 9�59 (9�20; 9�98) 6�24 (5�96; 6�52) 2�43 (2�32; 2�55)

CT 67 10�09 (9�55; 10�63) 0�12 5�60 (5�31; 5�90) 0�001 2�61 (2�46; 2�76) 0�49

TT 7 10�22 (8�60; 11�86) 0�32 5�11 (3�88; 6�34) 0�02 2�76 (2�16; 3�37) 0�17

rs850312 AA 87 9�53 (9�10; 9�96) 6�42 (6�07; 6�77) 2�32 (2�19; 2�45)

AG 89 10�04 (9�54; 10�54) 0�56 5�68 (5�42; 5�93) 0�001 2�61 (2�49; 2�74) 0�003

GG 22 9�71 (8�82; 10�61) 0�81 5�50 (4�90; 6�10) 0�005 2�78 (2�47; 3�10) 0�005

rs72549154 GG 190 9�77 (9�46; 10�09) 5�97 (5�76; 6�18) 2�50 (2�41; 2�59)

GT 7 9�80 (7�95; 11�65) 0�98 6�36 (5�09; 7�62) 0�43 2�67 (2�11; 3�22) 0�45

TT 1 10�57 – 6�38 – 1�76 –

*Gen. 5 genotypes; †n 5 number. ‡CI 5 confidence interval; MASP 5 mannan-binding lectin-associated serine protease; SNPs 5 single

nucleotide polymorphisms; MAp44 5 mannan-binding lectin-associated protein of 44 kDa.
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results, we did not find any statistically significant differen-

ces between genotype distribution in diabetes and control

groups. As far as we know, the MASP1 gene has not been

observed as a candidate gene in any type 2 diabetes

genomewide association studies. Only one SNP was associ-

ated with the MASP-1 level. From our study, genetics alone

do not seem to be the reason for higher MASP-1 plasma

levels in patients with diabetes.

We saw a positive correlation between MASP-1 and

HbA1c, and as it has been speculated previously that hyper-

glycaemia causes elevated levels of MBL, MASP-1 and

MASP-2 we included a diabetes mouse model to investigate

the causality of diabetes inducing increased MASP-1 levels.

Diabetes induction led to higher MASP-1 levels among the

diabetic mice compared to the control mice, suggesting a

higher MASP-1 level as a consequence of diabetes. In accord-

ance with this finding, it has been shown previously for

MBL-C in a similar mouse model [26]. A possible link

between hyperglycaemia and complement activation has

been suggested to be via MBL binding with high affinity to

the glycation product fructoseamine [27]. Whether the

underlying mechanism of elevated MASP-1 level in diabetes

is secondary to hyperglycaemia-induced MBL increase

remains to be studied.

MASP-3 and MAp44 levels did not differ between the dia-

betes and control groups when adjusting for BMI. However,

we found a weak positive correlation between BMI, MASP-3

and MAp44 levels. To our knowledge, this finding has not

been described previously. Even though our finding does not

show a strong correlation, it can be speculated that as white

adipose tissue is an endocrine and secretory organ found to

secrete other inflammatory cytokines [28], it might also be

involved in secretion and regulation of complement compo-

nents such as MASP-3 and MAp44. In contrast, association

of weight loss and serum MBL concentration has been stud-

ied, but no correlation was found [29].

In the genetic analysis we found three SNPs to be associ-

ated with MASP-3 levels (Table 5) and three SNPs to be

associated with MAp44 levels (Table 6). The effect of the

three SNPs on the MASP-3 levels was consistent in the dia-

betes group, but not in the control group. For MAp44, only

one SNP remained associated significantly with the plasma

level when analysing the two groups separately. However,

as we did not find any significant interaction parameters

Table 6. The effect of SNPs on MAp44 levels in diabetes and control groups separately

SNP Gen.* n† dm‡

Concentration

mg/ml (95% CI§)

Diabetes group P n Con.¶

Concentration

mg/ml (95% CI§)

Control group P

rs72549254 TT 68 2�68 (2�52; 2�84) 0�07 74 2�43 (2�29; 2�57) 0�58

CT 29 2�46 (2�19; 2�73) 22 2�40 (2�17; 2�62)

CC 2 1�72 3 2�07

rs3774275 AA 12 2�46 (1�97; 2�95) 0�23 16 2�21 (1�85; 2�57) 0�10

AG 43 2�50 (2�29; 2�70) 42 2�35 (2�18; 2�53)

GG 44 2�73 (2�52; 2�93) 41 2�55 (2�37; 2�72)

rs850312 AA 40 2�46 (2�24; 2�68) 0�06 47 2�20 (2�05; 2�35) 0�002

AG 51 2�62 (2�46; 2�79) 38 2�60 (2�39; 2�80)

GG 8 3�08 (2�26; 3�91) 14 2�61 (2�35; 2�87)

*Gen. 5 genotypes; †n 5 number; ‡dm 5 diabetes group; §CI 5 confidence interval; ¶con. 5 control group; MAp44 5 mannan-binding lec-

tin-associated protein of 44 kDa; SNPs 5 single nucleotide polymorphisms.

Table 5. The effect of SNPs on MASP-3 levels in diabetes and control groups separately

SNP Gen.* n† dm‡

Concentration

mg/ml (95% CI§)

Diabetes group P n Con.¶

Concentration

mg/ml (95% CI§)

Control group P

rs874603 AA 86 5�94 (5�64; 6�23) 0�02 90 5�81 (5�52; 6�10) 0�07

GA 12 7�04 (5�57; 8�51) 8 6�71 (5�87; 7�56)

rs67143992 CC 59 6�45 (6�02; 6�88) 0�02 65 6�05 (5�69; 6�41) 0�07

CT 36 5�57 (5�12; 6�02) 31 5�64 (5�26; 6�03)

TT 4 5�64 (4�21; 7�06) 3 4�40 (0�24; 8�55)

rs850312 AA 40 6�66 (6�10; 7�22) 0�01 47 6�22 (5�77; 6�67) 0�04

AG 51 5�70 (5�34; 6�06) 38 5�65 (5�27; 6�02)

GG 8 5�82 (4�40; 7�23) 14 5�32 (4�65; 5�99)

*Gen. 5 genotypes; †n 5 number; ‡dm 5 diabetes group; 5 §CI 5 confidence interval 5 ¶con. 5 control group; MASP 5 mannan-binding

lectin-associated serine protease; SNPs 5 single nucleotide polymorphisms.
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between genotypes and diabetic status to the plasma levels

of MASP-3, we cannot conclude that the association

between MASP-3 and the genotypes are significantly differ-

ent in the two groups. The association of rs67143992 and

rs850312 with the plasma level of MASP-3 is in accordance

with previous findings [14,15].

Our study provides important new information about

components in the lectin pathway in diabetes. We are the

first to investigate polymorphisms in the MASP1 gene in

relation to its associated gene products in type 2 diabetes.

The fact that MASP-1 levels are elevated in type 2 diabetes

emphasizes the importance of the lectin pathway in diabe-

tes. As we included a diabetes mouse model showing higher

levels of MASP-1 in the diabetic mice, we suggest a causal

link between diabetes and the higher MASP-1 levels. The

relevance of investigating the role of MASP-1 in diabetes

and diabetic vascular complications is in accordance with

its pathophysiological role in blood coagulation (reviewed

in [30]). An in-vitro study found MASP-1 to promote

fibrin formation, influence the fibrin structure, activate

endothelial cells and hence be involved in blood clot for-

mation [31]. Of clinical relevance, a pilot study exploring

plasma levels of MASPs in cardio- and cerebrovascular dis-

ease found elevated MASP-1 levels in patients with suba-

cute phase of myocardial infarction, but decreased levels of

MASP-1 in patients with acute ischaemic stroke, whereas

MASP-3 and MAp44 did not differ between the groups

[32]. These studies suggest MASP-1 to be involved in blood

clot formation, and hence may be of importance of the

increased prothrombotic state found in patients with

diabetes.

A first limitation of our study is that, although we found

a significantly higher MASP-1 level in type 2 diabetes com-

pared to control subjects, our cross-sectional study design

does not provide hard evidence for causal involvement.

Another limitation that needs to be considered is our

matching that is only performed on age and gender, leaving

the risk of confounding from other risk factors. Neverthe-

less, in the genetic analysis we did not find any association

between BMI and investigated genotypes, and one must

consider external confounding to be limited for two rea-

sons: (1) genes are assorted randomly during gamete for-

mation and (2) genes should not be susceptible to external

risk factors. Conversely, in SNP association studies it is dif-

ficult to exclude that the analysis of genotype and gene

products could be confounded by SNPs in linkage disequi-

librium with the SNPs analysed. The size of our study pop-

ulation and number of SNPs analysed also need to be taken

into account. The 10 SNPs are selected cautiously to cover

exons, introns and untranslated regions and are based on

previously described associations with the protein levels.

However, we do not intend to study all genetic variations

in the MASP1 gene, and hence, we cannot exclude the

importance of any other SNPs in relation to the MASP1

gene products in type 2 diabetes. Conversely, the preselec-

tive procedure reduces the risk of false associations found

by statistical coincidence and for that reason is considered

a more effective study design [33]. Statistical coincidence

must be considered in our genetic analysis with multiple

testing. A limitation of the size of our study population

concerns the risk of missing associations that might exist,

but are too small to be significant in our relatively small

sample size. This limitation is also present in the mouse

model, where the difference of the MASP-1 level between

the two groups actually might be of greater significance.

Although our findings in our mouse model support

the observation of elevated MASP1 levels in diabetic

patients, the use of STZ is a limitation. STZ is a pancre-

atic b cell toxin that destroys the b cells, and we cannot

be sure that the higher plasma level of MASP-1 seen in

the diabetic mice is caused by STZ itself rather than the

higher glycaemic level caused by STZ. Our mouse model

Fig. 3. Mean mannan-binding lectin-associated serine protease (MASP)-1 concentrations in the diabetic and control group. The bars illustrate

mean MASP-1 concentration and the whiskers indicate 95% confidence interval. [Colour figure can be viewed at wileyonlinelibrary.com].
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imitates a type 1 diabetes condition that is different to the

type 2 diabetic condition in the patients of our study

cohort. However, the MASP-1 concentration remained

significantly higher in the diabetes group when adjusting

for BMI, and we found a significant correlation between

HbA1c and plasma levels of MASP-1. This may suggest

that the reason of the higher MASP-1 level in the patients

of our study population is not caused by an underlying

inflammatory condition in the adipose tissue alone, but

rather the higher glycaemic level.

In conclusion, this study demonstrates higher MASP-1

levels in patients with type 2 diabetes compared to control

subjects. Surprisingly, we also found a positive correlation

between MASP-3, MAp44 and BMI. In the genetic analysis,

we found several SNPs to be associated with the plasma

levels of MASP-1, MASP-3 and MAp44 with different sig-

nificance in the diabetes and control group. In our mouse

model, we are the first to show that after inducing diabetes

the plasma level of MASP-1 is significantly higher com-

pared to the level in the control mice.
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