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Abstract
Aims/hypothesis Diabetic patients are at increased risk of
cardiomyopathy, acute myocardial infarction and loss of
cardiac progenitor cells (CPCs), but the aetiology is poorly
understood. We hypothesised a significant role for man-
nose-binding lectin (MBL) in cardiomyopathies associated
with hyperglycaemia.
Methods The role of MBL in myocardial ischaemia and
reperfusion (MI/R) injury was investigated in wild-type
(WT) and MBL-null mice following 2 weeks of streptozo-
tocin-induced hyperglycaemia.
Results Hyperglycaemic WT mice presented with signifi-
cantly decreased left ventricular ejection fractions and
increased serum troponin I levels and myocardial inflam-
mation compared with non-diabetic WT mice following
MI/R. Hyperglycaemic MBL-null mice or insulin-treated
diabetic WT mice were significantly protected from MI/R
injury compared with diabetic WT mice. In an additional
study using diabetic WT mice, echocardiographic measure-
ments demonstrated signs of dilative cardiomyopathy,
whereas heart:body weight ratios suggested hypertrophic
cardiac remodelling after 2 weeks of hyperglycaemia.
Immunohistochemical analysis of CPCs showed signifi-
cantly lower numbers in diabetic WT hearts compared with
non-diabetic hearts. Insulin-treated diabetic WT or untreat-
ed diabetic MBL-null mice were protected from dilative
cardiomyopathy, hypertrophic remodelling and loss of CPCs.

Conclusions/interpretation These data demonstrate that
MBL may play a critical role in diabetic MI/R injury.
Further, the absence of MBL appears to inhibit hypertro-
phic remodelling and hyperglycaemia-induced loss of CPCs
after just 2 weeks of hyperglycaemia in mice.
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Abbreviations
Ab antibody
CPC cardiac progenitor cell
EF ejection fraction
MBL mannose-binding lectin
MI/R myocardial ischaemia/reperfusion
PMN polymorphonuclear cell
STZ streptozotocin
WT wild-type

Introduction

The complement system plays a critical role in ischaemia/
reperfusion injury of the myocardium, muscle, ileum and
kidney [1–6]. Three different complement pathways, the
classic, lectin and alternative pathway, are recognised. The
role of the three complement pathways in reperfusion injury
has been controversial. Earlier studies stressed the impor-
tance of the classic pathway and natural antibodies [7–9],
while more recent studies, including work from our
laboratory, suggest that the lectin complement pathway is
the major initiating pathway in myocardial ischaemia/
reperfusion (MI/R) injury [2, 10, 11]. A recent study by
our group has demonstrated that mannose-binding lectin
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(MBL) interacts with IgM to activate the lectin complement
pathway in vitro and in vivo [12]. Similar observations by
others also support an antibody-dependent activation of the
MBL-dependent lectin pathway in ischaemic conditions [13].

Ischaemia/reperfusion injury is often enhanced in hyper-
glycaemia or diabetes. Augmented MI/R injury in diabetic
animals [14] suggests a significant role for reactive oxygen
and nitrogen species [15, 16] and has linked oxidative stress
to lectin complement pathway activation [10]. Other studies
have linked oxidative stress in diabetes to a loss of cardiac
progenitor cells (CPCs) and heart failure [17].

These laboratory data mirror clinical observations.
Diabetic patients have increased incidences of atheroscle-
rosis, coronary artery disease and myocardial infarction [18,
19]. Diabetic patients also have increased mortality, worse
long-term prognosis after myocardial infarction and a
higher risk of cardiomyopathy compared with non-diabetic
patients [19–21]. Clinical studies suggest a role for the
lectin complement pathway in diabetes-related renal com-
plications [22]. Basic science studies using MBL-null mice
and a streptozotocin (STZ)-induced type 1 diabetic model
have uncovered a role for MBL in the development of
diabetic kidney disease [23]. While there is an established
role of the complement system in non-diabetic MI/R injury
in animal models [1, 2, 11], the importance of MBL in
increasing MI/R injury in diabetic vs non-diabetic models
has not yet been evaluated. Therefore, we investigated the
role of MBL in a STZ-induced hyperglycaemic mouse
model undergoing MI/R injury.

Methods

Preparation of diabetic mice and insulin treatment All
animals used in MI/R experiments were male mice 8–
12 weeks old. C57BL/6 [wild-type (WT)] mice were
obtained from Charles River Laboratories (Wilmington,
MA, USA). MBL-null mice [24], backcrossed seven
generations onto the C57BL/6 background, were used [2,
25]. The MBL-null mice were backcrossed while monitor-
ing their genetic background using microsatellite analysis
so that the mice are 96% C57BL/6. All procedures were
reviewed and conducted in accordance with the Institute’s
Animal Care and Use Committee. Experiments were
performed according to the standards and principles set
forth in the Guide for the Care and Use of Laboratory
Animals, as revised in 1996 (Institute of Laboratory Animal
Research, Washington, DC, USA). Mice were made hyper-
glycaemic by a single injection of freshly prepared STZ
solution (200 mg/kg body weight in citrate saline, pH 4.2,
i.p.; Alexis, Lausanne, Switzerland) [26]. The mice were
housed in cages of four mice each and had unlimited access
to water and standard mouse chow. Three days after STZ

injection and again immediately before the in vivo studies,
the urinary glucose level was assessed with Glucostix
(Diastix; Bayer, Elkhart, IN, USA). Mice with urinary
glucose >27.8 mmol/l in both tests were presumed to be
hyperglycaemic. A group of STZ-injected mice was
intensively treated with Lantus insulin (Sanofi-Aventis,
Bridgewater, NJ, USA) at 2–6 IU, i.p. (based on daily
urinary glucose levels) daily, starting on the third day after
STZ injection to rule out any potential cardiotoxic effects
of STZ.

Experimental MI/R Experimental MI/R was performed
after 14 days of a hyperglycaemic state. The surgical
procedure was similar to that previously published [2].
Briefly, diabetic and non-diabetic mice were intubated and
ventilated and anaesthesia maintained with isoflurane. The
chest was opened, a suture placed around the left anterior
descending coronary artery and tightened. After 15 or
30 min of ischaemia, the ligation was loosened and the
myocardium reperfused for 4 h. An electrocardiogram
(modified lead III) was evaluated before, during and after
ischaemia and used to verify ischaemia and reperfusion.

Echocardiography Echocardiography was performed after
mice had undergone experimental MI/R as described above
to assess cardiac function. Previous work from our
laboratory has shown that myocardial injury assessed by
histological infarct analysis is directly correlated to loss of
cardiac function as measured by echocardiography [2].
Echocardiography was performed 4 h after reperfusion using
a Philips Sonos 5500 (Philips Medical Systems, Bothell,
WA, USA) with a 7–12 MHz animal transducer (Agilent
Technologies, Santa Clara, CA, USA), as we have described
[2]. Ejection fraction (EF) was calculated from left
ventricular M-mode measurements as well as 2D imaging
from long-axis length and short-axis area measurements of
the left ventricle [27, 28]. For EF, only M-mode data are
presented, as both methods of EF measurement produced
identical results. Long-axis and short-axis area measure-
ments of the left ventricle were assessed in an additional
group of 16 animals (i.e. four mice per group) to assess
myocardial dimensions under non-ischaemic conditions.

Collection of blood and tissue The chest cavity was
opened, the inferior caval vein was cut and blood was
collected from the thoracic cavity. Hearts were excised and
fixed in PBS containing 10% (wt/vol.) formalin at 4°C
overnight. In 16 additional mice that did not undergo MI/R,
heart and body weights were assessed in non-diabetic and
diabetic animals at 10 weeks of age.

Serum troponin I concentrations Serum troponin I concen-
trations were measured as an index of myocardial cell death

Diabetologia (2008) 51:1544–1551 1545



using a commercially available ELISA kit (Life Diagnos-
tics, West Chester, PA, USA) [29].

Histological sections and staining for polymorphonuclear
cells and CPCs Formalin-fixed hearts were dehydrated,
embedded in paraffin and cut into 7 μm sections. To
evaluate polymorphonuclear cell (PMN) infiltration or
CPCs in the heart, sections were dewaxed with EZ-DeWax
Solution (BioGenex, San Ramon, CA, USA) and incubated
with blocking buffer containing 5% (vol./vol.) normal
sheep (for PMNs) or donkey (for CPCs) serum for 1–2 h
at room temperature. Primary antibody (Ab) incubation for
PMN identification was done with purified rat anti-mouse
Ly-6G monoclonal Ab (BD Pharmingen, Franklin Lakes,
NJ, USA) for 1–2 h at room temperature as previously
described [30]. CPC localisation was done as described
previously using purified goat anti-mouse SCF R/c-kit
polyclonal Ab (R&D Systems, Minneapolis, MN, USA) for
1–2 h at room temperature [17]. Following the primary Ab
incubation, slides were washed four times for 15 min each
with TBS-Tween and then incubated with a purified donkey
anti-goat IRDye800 Ab or sheep anti-rat IRDye800 Ab
(Rockland Immunochemicals, Gilbertsville, PA, USA) for
1–2 h at room temperature. After washing again four times
for 15 min each, excess fluid was removed and slides
covered with Gel Mount (Biomeda, Foster City, CA, USA)
and cover slips (Fisher Scientific, Pittsburgh, PA, USA) and
sealed after 1 h with clear nail polish. Finally, sections were
scanned for PMN infiltration or CPCs with an Odyssey

infrared imaging system (LI-COR, Lincoln, NE, USA) at
800 nm.

Heart sections stained for PMNs or CPCs were also
quantitatively analysed by pixel counting using ImageJ
software (National Institutes of Health, Bethesda, MD,
USA). To count cardiac PMNs or CPCs per high-powered
field in fluorescence imaging, we used the staining
protocol described above for the Odyssey infrared imaging
system, except that an FITC-conjugated secondary Ab was
used. PMNs or CPCs per field were counted by fluores-
cence imaging at ×100 magnification using a Nikon
Eclipse microscope (Nikon Instruments, Melville, NY,
USA) in three different areas of each heart section for
three mice per group.

Statistics All statistical analysis of data was performed
using SigmaStat software (SPSS, Chicago, IL, USA). All
data were evaluated using one-way ANOVA and post hoc
analysis using the Student–Newman–Keuls method. All
data are expressed as means±SE.

Results

Establishing a model of MI/R injury in the diabetic
mouse In the present study 30 min of ischaemia and 4 h
of reperfusion in non-diabetic WT mice resulted in a
significant decrease in left ventricular EF compared with
sham-operated animals (Fig. 1). Increasing the ischaemic
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Fig. 1 Left ventricular function following MI/R. Echocardiography
was performed and EF (%) was calculated from the M-mode
measurements as described in the Methods section. a Typical M-mode
recordings. In the upper panels, non-diabetic WT mice that were sham-
operated or underwent MI/R with 30 or 15 min of ischaemia and 4 h
reperfusion (I). The lower panels represent diabetic animals after MI/R
with 15 min of ischaemia (I) and 4 h of reperfusion: diabetic WT
mice, insulin-treated diabetic WT mice and diabetic MBL-null (MBL-
KO) mice. b Summary of EF data. The left-hand group of bars
represents non-diabetic WT mice that were sham-operated (sham) or
underwent MI/R with 30 and 15 min of ischaemia and 4 h of
reperfusion (IR 30 and IR 15, respectively). The right-hand group of

bars represents diabetic animals: sham-operated diabetic WT mice
(sham), non-treated diabetic WT mice following MI/R (IR 15),
insulin-treated diabetic WT mice following MI/R (insulin IR 15) and
diabetic MBL-null mice after MI/R with 15 min of ischaemia and 4 h
of reperfusion (MBL-KO IR 15). All data are means±SE of four to six
animals per group. ap<0.001 compared with non-diabetic WT sham
and non-diabetic WT mice following MI/R with 15 min of ischaemia
(IR 15). bp<0.001 compared with diabetic WT sham, insulin-treated
diabetic WT mice and diabetic MBL-null mice after MI/R with 15 min
of ischaemia (IR 15). cp<0.001 compared with diabetic WT mice
following MI/R with 15 min of ischaemia (IR 15)
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time to more than 30 min (i.e. up to 1 h) increased
mortality, but did not further decrease cardiac function as
measured by echocardiography in surviving mice after
MI/R (data not shown). In non-diabetic WT mice, 15 min
of ischaemia and 4 h of reperfusion do not induce a
significant decrease in EF compared with sham-operated
animals (Fig. 1a,b). In contrast to non-diabetic mice, MI/R

in diabetic animals with 15 min of ischaemia induced a
significant decrease in EF compared with sham-operated
WT mice (Fig. 1a,b). Insulin treatment of diabetic WT mice
prevented loss of cardiac function following MI/R (Fig. 1b).
Induction of hyperglycaemia in MBL-null mice did not sig-
nificantly alter EF followingMI/R. The EF of sham-operated
diabetic WT mice was comparable with sham-operated non-
diabetic WT mice (Fig. 1b).

Diabetic MBL-deficient mice are protected from MI/R-
induced increases in serum troponin I levels Thirty minutes
of ischaemia and 4 h of reperfusion in non-diabetic WT
mice significantly increased serum troponin I concentra-
tions compared with only 15 min of ischaemia followed by
reperfusion (Fig. 2, left side). In comparison with non-
diabetic WT mice, diabetic WT mice had significantly
increased serum troponin I concentrations following MI/R
(Fig. 2, right side). Serum troponin I concentrations after
MI/R were significantly reduced in insulin-treated WT
diabetic animals compared with non-treated diabetic WT
mice (Fig. 2). Diabetic MBL-null mice were significantly
protected from cardiac injury following MI/R (Fig. 2).

Significantly decreased MI/R-related myocardial PMN
infiltration in diabetic MBL-deficient mice In tissue sam-
ples from non-diabetic WT mice undergoing 15 min of
ischaemia and 4 h of reperfusion, no significant PMN
infiltration was observed (Fig. 3a,b). Compared with non-
diabetic WT mice undergoing 15 min of ischaemia and 4 h
of reperfusion, 30 min of ischaemia in non-diabetic WT
mice significantly increased the inflammatory response
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Fig. 2 Serum troponin I concentrations after MI/R. Serum troponin I
concentrations after MI/R were measured as described in the Methods
section. The left group of bars represents non-diabetic WT mice that
underwent MI/R with 15 or 30 min of ischaemia and 4 h reperfusion
(IR 15 and IR 30, respectively). The right group of bars represents
diabetic animals that underwent 15 min of ischaemia and 4 h of
reperfusion (IR): non-treated diabetic WT mice (IR 15), insulin-treated
diabetic WT mice (Insulin IR 15) and non-treated diabetic MBL-null
mice (MBL-KO IR 15). All data are means±SE of 4–6 animals per
group. ap<0.05 compared with non-diabetic WT mice following MI/R
with 15 min of ischaemia. bp<0.05 compared with diabetic WT mice
following MI/R with 15 min of ischaemia
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Fig. 3 PMN infiltration into the myocardium following MI/R.
a Representative sections. Heart sections were stained and PMN
infiltration into the myocardium was measured using an infrared
imaging system as described in the Methods section. Representative
sections are shown from three animals per group. Upper row: 1. + 2.
Ab (primary and secondary Ab). Lower row: control group with 2. Ab
only (secondary Ab only). Groups: non-diabetic WT mice following
MI/R with 30 min of ischaemia (I=30) and 15 min of ischaemia
(I=15), respectively; diabetic WT mice following MI/R with 15 min

of ischaemia untreated and insulin-treated, respectively; diabetic
MBL-null mice (MBL-KO diabetic) following MI/R with 15 min of
ischaemia. b Quantitative analysis of sections by pixel count.
Pictures from heart sections stained for PMNs from three animals
per group were quantitatively analysed by pixel counting using
ImageJ software. ap<0.001 compared with non-diabetic WT mice
following MI/R with 15 min of ischaemia. bp<0.001 compared with
diabetic WT mice following MI/R with 15 min of ischaemia
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(Fig. 3a,b). When diabetic WT mice were subjected to
15 min of ischaemia and 4 h of reperfusion, a significant
increase in the inflammatory response was observed
compared with non-diabetic WT mice undergoing MI/R
with 15 min of ischaemia. The inflammatory response in
the diabetic WT mouse was similar to that observed
following 30 min of ischaemia in non-diabetic WT mice
(Fig. 3a,b). Treatment of diabetic WT mice with insulin
significantly attenuated the MI/R-induced inflammatory
response. Diabetic MBL-null mice showed significantly
reduced inflammatory infiltrates compared with diabetic
WT mice (Fig. 3a,b).

Hand counting PMNs in cardiac tissue demonstrated that
non-diabetic WT mice undergoing MI/R with 30 min of
ischaemia had a significant increase in the inflammatory
response compared with non-diabetic WT mice undergoing
MI/R with 15 min of ischaemia, with 20±1 vs 5±1
(p<0.001) PMNs per high-powered field, respectively.
DiabeticWTmice undergoingMI/Rwith 15min of ischaemia
presented significantly increased PMN infiltration into the
myocardium compared with non-diabetic WT mice undergo-
ing the same amount of ischaemia with 27±1 vs 5±1
(p<0.001) PMNs per high-powered field. Insulin-treated
diabetic WT mice and non-treated diabetic MBL-null mice
showed significantly reduced inflammatory infiltrates com-
pared with diabetic WT mice with 4±1 and 5±1 vs 27±1
PMNs per high-powered field (p<0.001), respectively.

Echocardiographic evidence of dilative cardiomyopathy in
diabetic mice After 2 weeks of hyperglycaemia, WT mice
demonstrated significantly increased long- and short-axis
area measurements during systole and diastole by echocar-
diography compared with non-diabetic animals (Fig. 4a,b).
Additionally, insulin treatment protected diabetic WT mice
from diabetic cardiomyopathy as measured from long- and
short-axis measurements by echocardiography (Fig. 4a,b).
Diabetic MBL-null mice were also protected from diabetes-
induced changes in myocardial long- and short-axis
measurements.

Heart:body weight ratios suggest diabetic hypertrophic
cardiac remodelling Heart:body weight ratios after 2 weeks
of hyperglycaemia were significantly increased compared
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Fig. 4 Left ventricular area measurements. a Long-axis area measure-
ments. Long-axis diastolic (D) and systolic (S) areas (cm

2
) were

measured in non-diabetic (WT) mice, diabetic WT (WT diab) mice
after 2 weeks of diabetes, insulin-treated diabetic WT (WT diab/ins)
mice and diabetic MBL-null (MBL-KO diab) mice. All data are
means±SE of four animals per group.
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diastolic areas of non-diabetic WT mice.
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with systolic areas of non-diabetic WT mice.
d
p<0.05 compared with

systolic areas of non-treated diabetic WT mice. b Short-axis area

measurements. Short-axis diastolic (D) and systolic (S) areas (cm2)
were measured in non-diabetic WT (WT) mice, diabetic WT (WT
diab) mice after 2 weeks of diabetes, insulin-treated diabetic WT (WT
diab/ins) mice and diabetic MBL-null (MBL-KO diab) mice. All data
are means±SE of four animals per group. ap<0.05 compared with
diastolic areas of non-diabetic WT mice. bp<0.05 compared with
diastolic areas of non-treated diabetic WT mice. cp<0.05 compared
with systolic areas of non-diabetic WT mice. dp<0.05 compared with
systolic areas of non-treated diabetic WT mice
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Fig. 5 Heart:body weight ratios. In 16 additional mice that did not
undergo MI/R, heart and body weight values were obtained in non-
diabetic and diabetic animals at 10 weeks of age. In diabetic animals,
diabetes was induced at 8 weeks of age. Heart:body weight ratios
were determined. All data are means±SE of four animals per group.
ap<0.05 compared with non-diabeticWTmice. bp<0.05 compared with
diabetic WT mice. diab/ins, diabetes and insulin-treated; MBL-KO diab,
MBL-null mice made diabetic
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with non-diabetic WT mice (Fig. 5). Insulin treatment of
diabetic WT mice significantly inhibited this increased
ratio. Diabetic MBL-null mice did not demonstrate an
increase in the heart:body weight ratio.

Diabetic MBL-deficient mice are protected from loss of
CPCs Staining for CPCs showed significantly lower
numbers of CPCs in diabetic WT mice compared with
non-diabetic WT mice (Fig. 6a,b). Insulin treatment
prevented CPC loss in diabetic WT mice. Diabetic MBL-
null mice were significantly protected from CPC loss
(Fig. 6). CPC counts per high-powered field were also
performed. Diabetic WT mice had significantly lower CPC
numbers compared with non-diabetic controls with 4±1 vs
17±2 CPC per high-powered field (p<0.001). Insulin-
treated diabetic WT mice and non-treated diabetic MBL-
null mice were significantly protected from CPC loss
compared with diabetic WT mice with 16±1 and 15±2 vs
4±1 CPC per high-powered field (p<0.001), respectively.

Discussion

Several significant observations were made in this study.
First, we demonstrated a significant increase in myocardial
injury in diabetic compared with non-diabetic mice follow-
ing MI/R. Second, MBL-null mice were protected from
myocardial injury following MI/R. Third, following 2 weeks
of hyperglycaemia, we observed myocardial remodelling,
which was inhibited by insulin treatment in WT mice or by
the absence of MBL. These observations suggest that

prevention of hyperglycaemia with insulin or the lack of
MBL prevents the cardiomyopathies observed in this model
of type 1 diabetic mouse.

We have previously demonstrated that this model of
murine MI/R injury is associated with increased inflamma-
tion, cardiac dysfunction (i.e. decreased EF) and comple-
ment deposition compared with sham-operated mice [2].
Similarly, in the present study 30 min of ischaemia and 4 h
of reperfusion in non-diabetic WT mice resulted in a
significant decrease in left ventricular EF, inflammation and
myocardial injury compared with sham-operated animals.
Increasing the ischaemic time to 60 min did not result in
increased injury, but did result in increased mortality. Thus
we decreased the ischaemic time to 15 min in our
hyperglycaemia study, so that we could observe any
increase in hyperglycaemia-induced injury following
MI/R. Hyperglycaemia increased tissue injury (troponin I;
Fig. 2), decreased cardiac function (EF; Fig. 1) and
increased inflammation (PMN staining; Fig. 3) following
MI/R compared with the non-diabetic state and support the
findings of others [14]. Troponin I concentrations and PMN
infiltration into the myocardium mirrored the echocardio-
graphic results. Furthermore, hyperglycaemic MBL-null
mice were protected from MI/R injury and alterations in
the measured endpoints. Thus, hyperglycaemia for only
2 weeks results in enhanced cardiac abnormalities associ-
ated with MI/R, which can be significantly attenuated by
the absence of MBL.

Earlier studies suggested that cardiotoxic effects of STZ
are caused by insulin deficiency and not to a primary
cardiotoxic effect of STZ [31]. Supporting these results,
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Fig. 6 CPC numbers. a Representative sections. Heart sections were
stained and CPC numbers were measured using an infrared imaging
system as described in the Methods. Representative sections are
shown from three animals per group. Upper row: 1. + 2. Ab (primary
and secondary Ab). Lower row: control group with 2. Ab only
(secondary Ab only). Groups: non-diabetic WT mice; diabetic WT
mice following 2 weeks of diabetes untreated and insulin-treated,

respectively; diabetic MBL-null (MBL-KO) mice following 2 weeks
of diabetes. b Quantitative analysis of sections by pixel count. Pictures
from heart sections stained for CPCs from three animals per group
were quantitatively analysed by pixel counting using ImageJ software.
Means±SE. ap<0.001 compared with non-diabetic WT mice follow-
ing MI/R with 15 min of ischaemia. bp<0.001 compared with diabetic
WT mice following MI/R with 15 min of ischaemia
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insulin treatment in our study attenuated the myocardial
injury and remodelling observed in STZ-induced diabetes,
ruling out a significant cardiotoxic effect of STZ.

When we were developing the new staining technique
for quantifying murine myocardial inflammation using the
Odyssey system, we observed that the diabetic WT
myocardium was significantly larger than that of the non-
diabetic WT mouse (see Fig. 3a). We then performed
another set of studies to investigate this subjective
observation in a group of mice that were not subjected to
MI/R. Diabetic WT mice had significantly increased long-
and short-axis areas during systole and diastole compared
with non-diabetic animals (Fig. 4). Furthermore, heart:body
weight ratios were increased in diabetic WT compared with
non-diabetic WT, diabetic MBL-null or insulin-treated
diabetic WT mice. In a similar model of type 1 diabetes,
a significant increase in kidney weight was observed in
diabetic WT mice compared with diabetic MBL-null mice
[23]. These data suggest that short periods of hyper-
glycaemia in a type 1 model of diabetes induce remodelling
resulting in hypertrophic tissues that is inhibited by insulin
treatment or the absence of MBL.

Enhanced oxidative stress in STZ-induced diabetes has
been linked to CPC loss, thus impairing myocyte regener-
ation [17]. Our study demonstrates and confirms that
diabetic WT mice lose significant CPC numbers following
2 weeks of diabetes. Diabetic MBL-null mice were
protected from CPC loss, suggesting a significant role for
this innate immune molecule. Oxidative stress has been
shown to induce lectin pathway activation by increasing
MBL binding [32, 33]. Thus, hyperglycaemia may induce
myocardial oxidative stress, resulting in more MBL binding
and lectin complement pathway activation. However, we
have not fully investigated the potential role of lectin
complement pathway activation in this model and this is a
subject of present investigation. The CPC loss in diabetic
WT hearts may play an important role in hypertrophic
remodelling and increased susceptibility to MI/R in type 1
diabetes.

Limitations to the present study MBL deficiency in humans
is common and depending on definition, more than 10% of
the general population may be classified as MBL deficient
[34]. We do not know if the results obtained in these murine
studies will translate to the clinic. Future studies with
established sample repositories and patient databases are
clearly warranted. Further, while type 1 diabetes is a
significant disease, type 2 diabetes is a growing health
concern associated with various cardiovascular problems.
Whether similar results will be observed in type 2 diabetes
is unknown at the present time, but studies are underway.
Further, we acknowledge that the length of hyperglycaemia
used in this study is very short compared with the clinical

setting. Future studies using other models of diabetes are
needed to investigate the length and dose-responsiveness to
varying degrees of hyperglycaemia.

In conclusion, our study demonstrates a pathophysiolog-
ical role for MBL in hyperglycaemic CPC loss, myocardial
remodelling and MI/R injury. Our findings, together with
findings from others [23], suggest that MBL plays an
important role in type 1 diabetes-induced tissue injury.
Further studies are needed to investigate whether similar
observations are present in type 2 diabetes and whether
these findings translate to the clinic.
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