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Abstract

Objectives: Cutaneous ischemia/reperfusion (CI/R) injury
has shown to play a significant role in chronic wounds such
as decubitus ulcers, diabetic foot ulcers, atherosclerotic le-
sions, and venous stasis wounds. CI/R also plays a role in
free tissue transfer in reconstructive microsurgery and has
been linked to clinical burn-depth progression after thermal
injury. While the role of the complement system has been
elucidated in multiple organ systems, evidence is lacking
with respect to its role in the skin. Therefore, we evaluated
the role of the complement system in CI/R injury.
Methods: Using a single pedicle skin flap mouse model of
acute CI/R, we performed CI/R in wild-type (WT) mice and
complement knock out (KO) mice, deficient in either C1q
(C1q KO; classical pathway inhibition), mannose-binding
lectin (MBL null; lectin pathway inhibition) or factor B
(H2Bf KO; alternative pathway inhibition). Following 10 h
ischemia and 7 days reperfusion, mice were sacrificed,
flaps harvested and flap viability assessed via Image J
software. The flap necrotic area was expressed as % total
flap area. In another group, mice were sacrificed following
CI/R with 10 h ischemia and 48 h reperfusion. Two cranial

skin flap samples were taken for gene expression analysis
of IL1b, IL6, TNFα, ICAM1, VCAM1, IL10, IL13 using real-
time polymerase chain reaction (RT-PCR).
Results: Following CI/R, MBL null mice had a statistically
significant smaller %necrotic flap area compared to WT
mice (10.6 vs. 43.1%; p<0.05) suggesting protection from
CI/R. A significantly reducedmean%necrotic flap areawas
not seen in either C1q KO or H2Bf KO mice relative to WT
(22.9 and 31.3 vs. 43.1%; p=0.08 andp=0.244, respectively).
There were no statistically significant differences between
groups for markers of inflammation (TNFα, ICAM1, VCAM1,
IL1b, IL6). In contrast, mRNA levels of IL10, a regulator of
inflammation, were significantly increased in the MBL null
group (p=0.047).
Conclusions: We demonstrated for the first time a signif-
icant role of MBL and the lectin complement pathway in
ischemia/reperfusion injury of the skin and a potential role
for IL10 in attenuating CI/R injury, as IL10 levels were
significantly increased in the tissue from the CI/
R-protected MBL null group.

Keywords: complement system; IL10; IL13; ischemia-
reperfusion injury (I/R); mannose-binding lectin; MBL;
skin.

Introduction

Reperfusion of hypoxic tissue following transient ischemia
leads to an immune response of the innate immune system,
such as the complement system, against neo-antigens, that
have formed on the surface of cells during ischemia [1].
This damage of the reperfused tissue following transient
ischemia is known as ischemia-reperfusion (I/R) injury [1].

Cutaneous ischemia/reperfusion (CI/R) injury has
been shown to be an important factor in chronic wounds
[2, 3]. Chronic wounds, such as pressure ulcers (decubitus
ulcers), diabetic foot ulcers, atherosclerotic lesions, and
venous stasis wounds [4], are major health problems that
affect millions of people worldwide and cause economic
burdens on health care systems [3]. In contrast to the well-
orchestrated process of normal wound healing, chronic
wounds are thought to exhibit a persistent and
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multifactorial proinflammatory state that delays and pre-
vents healing [5]. Interestingly, repetitive CI/R injury has
also been suggested to be a mechanism for clinical burn-
depth progression after thermal injury [6]. A third clinical
area of interest for CI/R is microsurgery, including free
tissue transfer in reconstructive plastic surgery, which in-
volves an obligatory ischemic period until the micro-
anastomoses have been established [7].

Although the complement system has been shown to
play a critical role in I/R injury of several organ systems,
such as myocardium, muscle, ileum, liver, brain and kid-
ney [8–12], very limited data exist for the role of the com-
plement system in I/R injury of the skin, the biggest organ.
Complement can be activated by at least three separate
pathways: classical, alternative and lectin complement
pathway (Figure 1). The classical complement pathway is
activated following antibody-antigen interactions of nat-
ural IgM with neo-antigens [13]. The alternative pathway
can be activated by C3b deposition due to classical/lectin
pathway activation (i.e., tick-over amplification) and thus
enhance classical and lectin pathway activation. Mannose-
binding lectin (MBL) and ficolins, carbohydrate recogni-
tion subcomponents of the lectin pathway, can also initiate
complement activation. MBL is an important part of the
immune defense [14, 15] and can play a critical role in
inflammatory-mediated induction and tissue injury
following I/R [12, 16, 17]. All three pathways merge at C3
and cleave C3 into C3b and C3a by two structurally
different, yet functionally equivalent C3 convertases.
Cleavage of C3 results in the formation of a C5 convertase
and ultimate cleavage of C5 into C5a and C5b. The ana-
phylatoxin C5a is a potent activator of inflammation and a
chemoattractant for inflammatory cell populations,
including polymorphonuclear leukocytes [1]. Additionally,
C5b can interact with C6, C7, C8, and multiple C9 units and
lead to formation of C5b-9 (terminal complement complex
or membrane attack complex). C5b-9 can lead to cellular
activation or lysis [1].

While inflammation plays an important role in the
manifestation of I/R injury [1–3] the immunomodulatory
cytokines IL10 and IL13 have been shown to significantly
attenuate I/R injury due to their anti-inflammatory prop-
erties in vivo [18, 19].

Since the role of the complement system and the
different complement pathways has not been elucidated
for CI/R, we investigated its role using complement knock
out (KO) mice in a skin flap mouse model of CI/R and
measured the mRNA expression levels of markers of
inflammation (TNFα, ICAM1, VCAM1, IL1b, IL6) and regu-
lators of inflammation (IL10 and IL13) in the tissue
following CI/R.

Materials and methods

Mice

Animals were bred and kept at the Institution’s Central Animal Fa-
cility, were housed under standard conditions, and experiments were
carried out in accordance with the guidelines of the German Animal
Welfare Act (#09/1781). All animals used in the CI/R experiments were
8- to 12-week old male mice. We obtained C57BL/6J wild type (WT)
mice from Jackson Laboratories (Bar Harbor; Maine, USA) via Charles
River (Sulzfeld, Germany). Complement KO mice, deficient in either
C1q (C1qKOmice; inhibition of the classical pathway),MBL (nullmice;
inhibition of the lectin pathway) or factor B (H2Bf KO mice; inhibition
of the alternative pathway) were backcrossed seven generations in the
Center for Experimental Therapeutics and Reperfusion Injury, Brig-
ham and Women’s Hospital, Harvard Medical School, Boston, MA,
USA and the Department of Anesthesiology and Intensive Care Ther-
apy, Jena University Hospital, Jena, Germany onto the C57BL/6J
background while monitoring the genetic background using micro-
satellite analysis. After having obtained the complement KOmice from
the Jena University Hospital, the identical C57BL/6J background of all
complement KO mice was again checked and confirmed by the In-
stitution’s Department of Genetic Diagnostics, Institute for Laboratory
Animal Science.

CI/R experiments

For the CI/R experiments, we used a previously described single
pedicle skin flap mouse model of acute CI/R [20]. Mice were anes-
thetized by isoflurane. Initial knock-down was performed with 5.0%
isoflurane/oxygen and maintained with 1.5–2.0%. Flow rate was at 1
Lmin−1. Animals were placed on a heating pad to maintain body
temperature at 37 °C during the surgical procedure. The dorsum of
each mouse was shaved with an ISIS GT420 electric animal shaver

Figure 1: Complement pathways diagram outlining the three
complement pathways. MBL = mannose-binding lectin;
MASP = MBL-associated serine protease; TCC = terminal comple-
ment complex; MAC = membrane attack complex.
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(Aesculap Suhl GmbH, Germany), and residual hair was removed
thoroughly with depilatory cream. The surgical area was cleansed and
treated with Octenisept (Schuelke & Mayr GmbH, Germany) for
disinfection. A 3.5 × 1.5 cm dorsolateral skin flap, located from the
midline of the dorsum to the axillary line and from the iliac crest to the
subscapular line was raised from caudal to cranial [20]. While raising
the flap, the two main vascular networks on the undersurface of the
flap, together with the two connecting pedicles, caudally from the
deep circumflex iliac artery system and cranially (superolateral) from
the lateral thoracic artery were defined. The caudal pedicle was cut
and the cranial pedicle entering the flap superolaterally was preserved
(Figure 2). A medical grade silicon sheet (Bioplexus, Ventura, CA,
USA) was placed between the muscle and the flap as a barrier to
vascular invasion and sutured in place with 7-0 Prolene (Ethicon,
USA). The cranial vascular pedicle from the lateral thoracic artery was
occluded using a 7-mm micro clamp (S&T, Neuhausen, Switzerland).
The flap was repositioned and sutured with a continuous 6-0 poly-
propylene suture to prevent distortion of the vascular pedicles, while
interrupted sutures were used at the cranial borders of the flap to
provide easy clamp removal. During the ischemia time of 10 h, mice
were kept in cages with free access to food and water. After 10 h, the
animals were reanesthetized with isoflurane for clamp removal and
resuturing (Figure 2). After 7 days of reperfusion, the mice were
sacrificed through cervical dislocation under isoflurane anesthesia,
the flap was harvested and flap viability was assessed via Image J
software (NIH, Bethesda, MD). Another group of mice was treated as
described before but sacrificed after 48 h of reperfusion to collect two
cranial skin samples of the flap using a 6-mm biopsy punch for RNA
extraction and gene expression analysis with real-time polymerase

chain reaction (RT-PCR) (GlaxoSmithKline GmbH& Co. KG, Germany).
In the sham-operated group, WT mice were treated exactly the same,
but without cranial vascular pedicle occlusion with a micro clamp.

In doing surgical I/R experiments, choosing the appropriate
ischemia time and subsequent reperfusion time are crucial and
dependent upon the animal model and organ system under investi-
gation. When establishing a new model, determining the appropriate
time intervals would be first investigated during preliminary model
development. Since we used a previously published model for the
evaluation of flap viability and successfully replicated the results, we
were confident in continuing with the ischemia time of 10 h and a
reperfusion time of 7 days. This resulted in skin flap necrosis repre-
senting irreversible I/R damage, which can be objectively validated
with Image J. However, to ultimately show differential gene expres-
sion in response to I/R damage,we had tomodify the reperfusion time.
Our preliminary experiments demonstrated that reperfusion times
exceeding 48 h negatively impacted the quality of isolated RNA to a
point where even a stable detection of house-keeping genes was not
reliably possible for every mouse strain. As a result, 48 h resulted in a
sufficient change in gene expression while maintaining RNA quality.

Evaluation of flap viability

Following 10 h of ischemia and 7 days of reperfusion, pictures were
taken of the freshly harvested flaps and flap viability was assessed by
evaluation of pictures via Image J software (NIH, Bethesda,MD).While
using the established CI/R model by Tatlidede et al. with a flap size of
3.5 × 1.5 cm in our CI/R experiments [20], we observed, in contrast to

Figure 2: The CI/R model. (A) A 3.5 × 1.5 cm
dorsolateral skin flap, located from the
midline of the dorsum to the axillary line
and from the iliac crest to the subscapular
line was raised from caudal to cranial. (B)
The two main vascular networks on the
undersurface of the flap were defined. The
caudal pedicle was cut and the cranial
pedicle entering the flap superolaterally
from the lateral thoracic artery was
preserved and occluded using a 7-mm
microclamp. On the downside of the raised
flap it is clearly visible, that themost caudal
portion of the flap (approximately 0.5 cm) is
not perfused by the occluded cranial
pedicle, but by the previously cut caudal
pedicle. This area was not reperfused
following clamp removal after 10 h of
ischemia. Therefore, the most distal 0.5 cm
of each flap was not included in the Image J
evaluation of CI/R-related skin flap necro-
sis. (C) A medical grade silicon sheet was
placed between the muscle and the flap as
a barrier to vascular invasion and sutured
in place with 7-0 polypropylene. (D) The
flap was repositioned and sutured with a

continuous 6-0 polypropylene suture to prevent distortion of the vascular pedicles, while interrupted sutures were used at the cranial borders
of theflap to provide easy clamp removal following 10 h of ischemia. (E) Typical skinflap necrotic area in aWTmouse following CI/Rwith 10 h of
ischemia and 7 days of reperfusion. CI/R = cutaneous ischemia/reperfusion; WT = wild type.
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that study, the lower 0.5 cm of the flap, in almost all mice, including
sham-operatedmice, to be completely necrotic. Clearly, this portion of
the flap was not perfused from the cranial pedicle, but rather from the
caudal pedicle, thatwas cutwhile raising theflap. This caudally-based
perfusion of the caudal portion of the flap is also visible on the un-
derside of the raised flap (Figure 2). To ensure that necrosis of the flap
was due to I/R injury andnot due to pure ischemiawithout subsequent
reperfusion, we only included the cranial 3.0 × 1.5 cm of the flap in the
Image J evaluation. In future studies using the single pedicle skin flap
mouse model by Tatlidede et al. we recommend to decrease the flap
size during surgery to the cranial 3.0 × 1.5 cm,makingmodifications of
the Image J evaluation unnecessary. The necrotic area of the cranial
3.0 × 1.5 cm portion of each flap was expressed as a percentage of the
total cranial 3.0 × 1.5 cm flap area and is the average of three distinct
measurements (Figure 3).

RT-PCR

Mice were sacrificed following CI/R with 10 h of ischemia and 48 h of
reperfusion. After investigating mRNA levels after various reperfusion
time periods, 48 h offered the best potential to detect differential
expression levels. Two cranial skin samples of the flap were taken for
RNA extraction and gene expression analysis using a 6 mm biopsy
punch (GlaxoSmithKlineGmbH&Co. KG, Germany). Sampleswere cut
in 1mm thin slices with a ToughCut scissor (Fine Science Tools GmbH,
Germany), immediately flash-frozen in liquid nitrogen and transferred
to −80 °C. Cutting of the slices was rapid (no more than 5 s) to prevent
RNA lysis. Using a biopsy punch at defined cranial skin areas for the

sample harvesting ensured that the tissue weight did not differ be-
tween themice and groups. Samples fromeach individualwere pooled
and transferred to a mortal filled with liquid nitrogen. A pestle was
used to grind the samples. Ground sample was transferred to 1 mL
QIAzol (QIAGEN, Germany) for 5 min at room temperature. 0.2 mL
chloroform was added and mixed vigorously with a vortexer for 15 s.
Samples were kept for 2–3 min at room temperature, followed by a
centrifugation step at 12,000 × g for 15 min at 4 °C in a pre-cooled
centrifuge. The upper aqueous phase containing the RNA was trans-
ferred carefully to a new tube, avoiding contaminations from the
middle and lower phases. 0.5 mL isopropanol was added and mixed
using a vortexer. A second centrifugation step was performed at
12,000 × g for 10 min at 4 °C to collect the RNA pellet at the bottom of
the tube. Supernatant was removed and the pellet was air-dried.
Finally, the pellet was resolved in 20 µL RNase-freewater. RNA quality
was checked using a nanodrop 1000 (ThermoFisher Scientific, Ger-
many). An ethanol precipitation step was used to remove phenol
remnants. Two volumes of ice-cold ethanol were added to the tube,
followed by 0.25 volume of 10 M ammonium acetate and mixed. The
tube was stored for at least 1 h at −20 °C. To recover the RNA, an
additional centrifugation step was performed at 12,000 × g for 10 min
at 4 °C. The RNA pellet was dissolved again in RNA-free water. A
second quality check with the nanodrop showed no phenol remnants.
RNA transcription to cDNA with 1 µg RNA each, was performed in a
Mastercycler (Eppendorf, Germany) using iScript™ cDNA Synthesis
Kit (Bio-Rad, Germany). cDNA was stored at −20 °C for further use.
PCRs were performed on an iCycler (Bio-Rad, Germany) using pre-
coated customRT2 Profile PCR arrays (QIAGEN, Germany) according to
manufacture protocol with SsoFast EvaGreen Supermix (Bio-Rad,
Germany). Triplets of each gene/sample were measured. Precoated
plates contained the primers for IL1b, IL6, TNFα, ICAM1, VCAM1, IL10,
IL13 and the two reference genes ACTB and TBP. PCR results were
normalized and analyzed with the qbase+ software (Biogazelle,
Belgium).

Statistics

Statistical analyses of data were performed using SigmaPlot software
for Windows (Systat Software GmbH, Germany). All data were evalu-
ated using one-way analysis of variance (ANOVA) and post hoc
analysis using the Student-Newman-Keuls method. All data are
expressed as the mean ± SE and differences were considered signifi-
cant at p<0.05.

Results

Evaluation of flap viability

Following CI/R with 10 h of ischemia and 7 days of reper-
fusion, we evaluated the necrotic area of the cranial
3.0 × 1.5 cm portion of each flap via Image J. WT mice
undergoing CI/R demonstrated a significantly greater
percentage of necrotic area as a percentage of total flap
area compared to sham-operated WT mice (43.1% ± 6.4 vs.
0.7% ± 0.7; p<0.05; Figure 3). MBL null mice undergoing

Figure 3: Percentage of skin flap necrotic areas following cutaneous
ischemia/reperfusion (CI/R). Following CI/R with 10 h of ischemia
and 7 days of reperfusion, mean percentages (average of three
measurements per animal per group) of necrotic flap area of the
cranial 3.0 × 1.5 cm portion of the flap were determined using Image
J. Groups: sham-operated WT mice (WT sham), WT mice undergoing
CI/R (WT), MBL null mice undergoing CI/R (MBL null), C1q KO mice
undergoing CI/R (C1q KO) and H2Bf KO mice undergoing CI/R (H2Bf
KO). All CI/R data aremeans±SE of 6–12 animals per group. *p<0.05
compared to sham-operated WT mice (WT sham). **p<0.05
compared to WT mice undergoing CI/R (WT). KO = knock out;
WT = wild type.
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CI/R (inhibition of lectin pathway; Figure 1) had a statisti-
cally significant smaller percentage of necrotic flap area
compared to WT mice undergoing CI/R (10.6% ± 7.0 vs.
43.1% ± 6.4; p<0.05; Figure 3). Thus, MBL null mice appear
to be significantly protected from CI/R.

C1q KO mice, lacking a functional classical comple-
ment pathway, demonstrated a reduced mean percentage
of necrotic flap area compared to WT mice undergoing CI/
R. However, these differences were not statistically signif-
icant (22.9% ± 7.6 vs. 43.1% ± 6.4; p=0.08; Figure 3).

H2Bf KO mice (inhibition of alternative pathway;
Figure 1) had a slightly, but not statistically significant
reducedmean percentage of necrotic flap area compared to
WT mice undergoing CI/R (31.3% ± 8.8 vs. 43.1% ± 6.4;
p=0.244; Figure 3).

Real-time polymerase chain reaction (PCR)

Following CI/R with 10 h of ischemia and 48 h of reperfu-
sion, skin samples were taken from the cranial portion of
the flap and evaluated via RT-PCR for gene expression of
markers of inflammation (TNFα, ICAM1, VCAM1, IL1b, IL6)
and regulators of inflammation (IL10 and IL13). There were
no statistically significant differences between groups for
the five tested markers of inflammation (TNFα, ICAM1,
VCAM1, IL1b, IL6; Figure 4). In contrast, mRNA levels of IL-
10, an important regulator of inflammation were signifi-
cantly increased in the MBL null group, compared to all
other groups (p=0.047; Figure 4). For IL13, another
important regulator of inflammationwith proinflammatory
functions, there was a clear trend, albeit not statistically
significant (p=0.222; Figure 4), for increased levels of
mRNA in the MBL null group.

Discussion

CI/R has been shown to play an important role in chronic
wounds, affecting millions of people worldwide [2–5].
While the involvement of the complement system has been
investigated and demonstrated in I/R injury of many organ
systems [8–12], the role of the complement system in I/R
injury of the skin (CI/R) has not been elucidated. Using
complement KO mice in a skin flap mouse model of CI/R,
we demonstrated for the first time a significant role of MBL
and the lectin complement pathway in I/R injury of the
skin.

MBL null mice, lacking a functional lectin complement
pathway, had a statistically significant reduced mean
percentage of necrotic flap area compared to WT mice

undergoing CI/R. Thus, MBL and the lectin complement
pathway play a significant role in CI/R. In contrast, C1q KO
mice, lacking a functional classical complement pathway,
demonstrated a clear, albeit nonsignificant trend for a
reducedmean percentage of necrotic flap area compared to
WT mice undergoing CI/R, suggesting a minor role of the
classical complement pathway in CI/R. Inhibition of the
alternative complement pathway (H2Bf KOmice) however,
resulted in a slight, but not significantly reduced mean
percentage of necrotic flap area compared to WT mice
undergoing CI/R, suggesting an insignificant role of the
alternative complement pathway in CI/R.

The involvement of the three complement pathways in
I/R injury appears to vary depending on the affected organ
system . The classical pathway appears to play amajor role
in liver I/R [21] and several studies suggested that natural
antibodies and the classical pathway are primarily
responsible for gastrointestinal I/R injury [22]. However,
there are also data for involvement of the alternative
pathway in gastrointestinal I/R injury [10] and more recent
work demonstrating that gastrointestinal I/R injury is not
dependent on C1q and classical pathway activation but
rather on MBL and lectin pathway activation [23]. In renal
I/R injury, evidence suggests a role for both, the alternative
complement pathway [24], and MBL and the lectin com-
plement pathways [15, 25]. In addition, previously pub-
lished data in myocardial ischemia-reperfusion (MI/R)
injury demonstrated a critical role for MBL and the lectin
complement pathway as well [16, 26]. Interestingly, and
similar to MI/R injury, our findings for CI/R also demon-
strated a critical role for MBL and the lectin complement
pathway and only minor roles of the classical and alter-
native pathways.

To investigate the molecular mechanisms leading to
CI/R injury, we evaluated skin samples from the cranial
(non-necrotic) portion of the flap following CI/R for mRNA
expression levels of markers of inflammation (TNFα,
ICAM1, VCAM1, IL1b, IL6) and regulators of inflammation
(IL10 and IL13). Interestingly, in our CI/R study there was
no significant difference in the mRNA levels of markers of
inflammation between groups. However, the effect of the
different complement pathways on the levels of IL13 and
IL10, regulators of inflammation, seem to play an impor-
tant role in CI/R injury. IL13 has been shown to suppress
monocyte production of proinflammatory cytokines,
including IL1, IL6, IL8, TNFα, and MIP-1a in vitro [19, 27].
The anti-inflammatory effects of IL13 have been linked to
the inhibition of nuclear factor κB (NFκB) and activation of
signal transducer and activator of transcription 6 (STAT6)
[19, 28, 29]. While the anti-inflammatory effects of IL13
prevent lipopolysaccharide-induced lethality and IgG
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Figure 4: mRNA levels of markers and regulators of inflammation. Following cutaneous ischemia and reperfusion (CI/R) with 10 h of ischemia
and 48 h of reperfusion, skin samples were taken from the cranial portion of the flap and evaluated via RT-PCR for expressions of markers of
inflammation (TNFα, ICAM1, VCAM1, IL1b, IL6) and regulators of inflammation (IL10 and IL13). Groups: WTmice (WT), MBL null mice (MBL null),
C1q KO mice (C1q KO) and H2Bf KO mice (H2Bf KO). All CI/R data are means ± SE of 6–12 animals per group. *p<0.05 compared to all other
groups. MBL = mannose-binding lectin; KO = knock out; WT = wild type.
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immune complex-induced lung injury in vivo [19, 30, 31],
the proinflammatory function of IL13 in conjunction with
IL4 play a key role in the pathophysiology of asthma [32,
33]. Inhibiting the biological effects of both IL4 and IL13
with the monoclonal antibody dupilumab has been shown
to markedly decrease asthma exacerbations and improve
lung function [33]. Interestingly, in liver I/R, administra-
tion of IL13 significantly reduced liver neutrophil recruit-
ment, hepatocellular I/R injury and liver edema in vivo [19].
As IL13 administration in liver I/R had no effect on liver
NFκB activation, but greatly increased the activation of
STAT6, the hepatoprotective effects of IL13 in liver I/R are
likely a result of STAT6 activation [19].

IL10 is one of the most important immunomodulatory
cytokines with anti-inflammatory properties [34]. IL10 can
reduce antigen presentation, inhibit T cell activation and
limit excessive inflammatory reactions in response to en-
dotoxins, e.g. colitis or endotoxin shock [34].While it is still
not fully understood how IL10 mediates its function on the
molecular level, IL10 seems to inhibit downstream events
in cytokine regulation, via bcl-3 [34]. Similar to IL13, IL10
has been shown to significantly reduce hepatic neutrophil
recruitment, liver edema, and liver I/R injury in vivo, likely
through the suppression of NFκB activation [18].

In our mouse model of CI/R, mRNA levels of IL10 were
significantly increased and IL13 message levels showed a
clear, but non-significant increase in the CI/R injury pro-
tected MBL null group compared to all other groups. Thus,
similar to liver I/R, IL10, and IL13 seem to play a role in
preventing cutaneous I/R injury. As IL10 and IL13 were only
increased in the MBL null group, lacking a functional lectin
complement pathway, and in addition to this group having
protection fromCI/R injury, MBL and the lectin complement
pathway may function by suppressing the expression of
IL10 and IL13, immunomodulatory cytokines that can
potentially reduce CI/R injury. Thus, CI/R injury may not be
dependent only on MBL, but also on the absence and/or
lower concentrations of IL10 and IL13. While our data sug-
gest anMBL and lectin complement pathway-mediated IL10
suppression, it is also known that IL10 can inhibit activation
of the complement system and complement-mediated
neutrophil recruitment and migration [35].

Additional studies are required to further under-
stand the role of MBL and the lectin complement
pathway in CI/R. Specifically, how CI/R-related tissue
damage is mediated on a molecular level and to eluci-
date the influence of MBL and the lectin pathway on IL10
levels. Moreover, the molecular mechanisms of how IL10
mediates its protective function against CI/R injury need
to be investigated. Similar to liver I/R, where I/R injury is
attenuated by IL10 and IL13 suppression of NFκB

activation and STAT6 activation, the role of NFκB and
STAT6 in CI/R injury is of special interest and should be
further investigated.

In conclusion, our data demonstrate for the first time a
significant role for MBL and the lectin complement
pathway in CI/R and suggest that the immunomodulatory
cytokine IL10 can attenuate CI/R in the absence of MBL.
Since the skin, in contrary to other organs, is easy to reach
with local therapy, our data together with findings from
future molecular and clinical studies could ultimately
result in topical treatments of chronic wounds, thus
reducing CI/R injury and inflammation by blockingMBL or
the lectin complement pathway in combination with
application of immunomodulatory cytokines such as IL10
and IL13.
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