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ABSTRACT 

BACKGROUND: Activation of the complement system contributes to the pathogenesis of 
ischemia/reperfusion (I/R) injury. Observations in immunodeficient mice (Rag1-/-), which are 
protected from local and remote intestinal I/R injury, point to a role for immunoglobulins to 
trigger activation of complement in I/R injury. Whether human immunoglobulins or other 
known mediators of complement activation may exert the same effect is unknown. In this 
study, we aimed to evaluate the potential of human IgM and CRP to enhance tissue damage 
in an intestinal I/R model in Rag1-/- and wild-type (WT) mice. 

METHOD: Rag1-/- mice (C57Bl/6 genetic background; ischemia (I/R) n=6, sham (S) n=3) and 
WT C57Bl/6 mice (I/R n=6, S n=5) were subjected to 30 minutes of intestinal ischemia by 
superior mesenteric artery occlusion followed by 3 hours of reperfusion. Intestinal 
histopathological damage (Park/Chiu score), intestinal edema and blood gas values were 
assessed. To investigate strain-dependency of the results, a second Rag1-/- strain was 
evaluated in the same intestinal I/R model. Thereafter, mouse IgM (I/R n=4, S n=5), purified 
human IgM (I/R n=5, S n=4), and purified human CRP (I/R n=7, S n=3) were administered in 
the same model. 

RESULTS: When compared to their corresponding sham groups, ischemic Rag1-/- and WT 
mice showed significantly higher histopathological scores. Contrary to literature, ischemic 
Rag1-/- mice showed comparable histopathological damage when compared to WT mice 
(Rag1-/- I/R: 4.4 ± 0.2 (n=6) versus sham: 0.3 ± 0.3 (n=3); WT I/R: 3.6 ± 0.5 (n=6) versus 
sham: 0.1 ± 0.1 (n=5) (p<0.05)). Intestinal edema and blood gas values were also similar in 
Rag1-/- mice when compared to WT mice. Results in the second Rag1-/- strain showed 
comparable results. Administration of mouse IgM, purified human IgM, and purified human 
CRP in the intestinal I/R model did not aggravate tissue damage upon intestinal I/R in Rag1-/- 
mice.

CONCLUSION: Histological damage upon intestinal I/R was not reduced in two Rag1-/- 

strains as compared to WT mice. In addition, we did not observe additional damage upon 
administration of IgM and CRP, which are known to enhance complement activation in 
humans. Hence, extrapolation of findings in mouse models of intestinal I/R injury to human 
conditions, should be performed with caution.

BACKGROUND

A role of the complement system in inflammation and tissue injury following ischemia and 
reperfusion (I/R) has been demonstrated in studies on complement inhibitors in animal 
models1-5 and in knock-out mice deficient in specific complement proteins5-7. Studies in 
animal models for intestinal, hindlimb, myocardial and kidney I/R have shown attenuation 
of tissue damage using depletion or inhibition of complement components2,3,8-10. These 
studies have raised questions about the trigger for activation in I/R. Whereas the role of 
complement in animal models of intestinal I/R is relatively well established, the role of 
specific pathways mediating activation remains controversial and even more so, the 
translation of results to the human setting has remained a major challenge. 

The classical pathway of complement is a main pathway leading to complement-mediated 
I/R damage. Immunoglobulin M (IgM) and the acute-phase protein C-reactive protein (CRP) 
are supposed to be activators of this pathway in I/R conditions. Studies in Rag1-/- mice, 
which lack circulating immunoglobulins, support involvement of IgM in complement-
mediated I/R injury11-14. IgM is hypothesized to activate complement after binding to neo-
epitopes expressed on injured cell surfaces, ultimately leading to enhanced cell injury. Non-
muscle myosin glycogen phosphorylase11,15 and annexin IV16 were identified as involved 
neo-epitopes. In addition, studies in rats suggest a role for CRP in complement-mediated I/R 
damage, as CRP and IgM colocalize in I/R and correlate with local complement activation17. 
Moreover, human CRP enhances myocardial infarct size in rats subjected to coronary artery 
ligation18, even though rats have high endogenous levels of CRP which can mediate 
complement activation1. The ligands of CRP in ischemic tissue appear to consist of oxidized 
and hydrolyzed phospholipids exposed on ischemic cells19. Whether CRP or IgM contribute 
to intestinal I/R-injury in humans is unclear. However, immunohistochemical studies in 
humans with myocardial infarction suggest involvement of IgM and CRP in the activation of 
complement locally in the ischemic heart20. 
 
The ability of human IgM and CRP to mediate complement-dependent tissue injury in I/R 
may be better evaluated in animals devoid of endogenous CRP or IgM. Rag1-/- mice provide 
such a model, as these mice typically have low CRP levels even in inflammatory conditions21,22, 
and have no immunoglobulins due to the deficiency of Rag-123. The aim of this study was 
to investigate the potential of human IgM and CRP to enhance tissue damage in an intestinal 
I/R model in Rag1-/- and Wild-type (WT) mice.
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MATERIALS AND METHODS

Animals
Male wild-type (WT) C57Bl/6 mice were purchased from Harlan (Horst, the Netherlands). 
Mice totally deficient in immunoglobulins but with normal levels of complement 
components, i.e., recombination-activating gene-1-deficient (Rag1-/- mice with C57Bl/6 
genetic background), were bred in our institute (referred to as in-house strain). For 
comparison, additional Rag1-/- mice were purchased from Jackson laboratories (Bar Harbor, 
USA) with identical background and age. All mice were aged 10-12 weeks. Genetic 
deficiency of both strains of Rag1-/- mice was confirmed using southern blot analysis of tail 
DNA and by demonstrating undetectable mouse IgM levels as measured by ELISA using WT 
plasma as a control (data not shown). Rag1-/- mice were bred under specific pathogen-free 
conditions. All mice were acclimatized for at least 1 week and housed in filter-top cages in 
a temperature-controlled room (22–24°C), with an alternating 12 h-light/dark cycle. 
Animals were fasted before the surgical procedure. This study was approved by the Animal 
Experiments and Welfare Committee of the Academic Medical Center, University of 
Amsterdam. 

Materials 
Purified mouse IgM was purchased from Bethyl Laboratories (Antwerp, Belgium) and 
additionally dialyzed against saline. Human IgM was prepared using boric acid precipitation 
and gel filtration in the following manner. Normal human plasma was obtained from 
Sanquin. Plasma samples were prepared by centrifugation 30 minutes at 3500 RPM and 
submersion in a 2% boric acid solution in a dialysis membrane for 24 hours at 4 °C. The 
prepared plasma solution was centrifuged for 30 minutes at 3000 RPM and the resulting 
precipitate dissolved in phosphate buffered saline, pH 7.4 (PBS). Gel filtration was performed 
using a pre-calibrated column of Ultragel AcA-22 (LKB Produkter, Sweden) with PBS 
containing 10mM EDTA and 0.02% w/v sodium-azide, at a flow-rate of 9 ml/hour. IgM was 
measured in the fractions using an IgM ELISA using monoclonal mouse anti-IgM (MH15-1; 
Business Unit Immune Reagents, Sanquin) as capture antibodies (3 µg/ml) and monoclonal 
anti-human IgM coupled to horseradish peroxidase (MH15-1-HRP) (0,5 mg/ml) (Sanquin) as 
detection antibodies in PBS with 0,2% gelatine; 0,1% BSA; 0,2% Tween. The fractions 
containing IgM were pooled, concentrated using Amicon YM-30 ultrafiltration (Amicon BV, 
The Netherlands), dialysed against saline and stored at -70oC until use. Human plasma CRP 
was purchased from Biodesign International (Kennebunk, ME, USA) and additionally 
absorbed onto a protein G column to remove contaminating IgG. The protein G flow-
through was concentrated using Amicon YM-10 ultrafiltration (Amicon BV), dialyzed 
against saline and analyzed on sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE). 

Murine model for intestinal I/R  
All animals were anesthetized by inhalation with a mixture of air: O2 (1.5:0.5 v/v, 2 L/min) 
and isoflurane 2.0-2.5% (Florene, Abott laboratories, Queensborough, UK) and were 

allowed to breathe spontaneously. Thirty minutes prior to ischemia purified mouse IgM, 
human IgM, human CRP or saline as a control were administered intravenously. Intestinal 
ischemia was induced by occlusion of the superior mesenteric artery with a non-traumatic 
microvascular clamp for 30 minutes. Subsequently, the clamp was removed under direct 
visualisation and the intestine was allowed to reperfuse for 3 hours. Sham-operated controls 
underwent the same surgical procedure without clamping. The laparotomy incisions were 
sutured and the animals were allowed to wake up. During reperfusion animals were kept 
warm using a heat lamp and monitored. Body temperature was strictly controlled in all 
experiments. After reperfusion mice were sacrificed using a cardiac puncture under 
anesthesia. The remaining blood was centrifuged (10 min; 1200 x g; 4ºC) and stored as 
plasma at -80ºC. Parts of jejunum were removed immediately after blood was drawn, 
frozen in liquid nitrogen and stored at -80°C or fixed in 4% (w/v) formaldehyde for further 
analysis (see further details below). 

Experimental groups
The effects of human and mouse IgM as well as human CRP were evaluated in Rag-/- mice 
subjected to 30 minutes of intestinal ischemia followed by 3 hours of reperfusion. Rag-/- 
mice of the in-house strain were supplemented with mouse IgM (10 µg/g bodyweight) 
(ischemia n=4; sham n=5); purified human IgM (15 µg/g) (ischemia n=5; sham n=4); human 
CRP (40 µg/g) (ischemia n=7; sham n=3) or saline (ischemia n=6; sham n=3). WT mice 
(background C57Bl/6) (ischemia n=6; sham n=5) were supplemented with saline. For 
comparison, additional Rag1-/- mice from Jackson laboratories (Bar Harbor, USA) with 
identical background and age were subjected to the same experimental procedure after 
supplementation with saline (n=6 ischemia; n=3 sham). For all experimental groups sham-
operated control groups with corresponding times of reperfusion were included. Allocation 
to ischemic or sham groups as well as allocation to the group supplemented with purified 
mouse IgM, human IgM, human CRP or saline was performed in a random manner. To 
further explore the amount of tissue damage in ischemic Rag1-/- mice, we performed 
additional pilot experiments using different anesthetic regimens as well as a variation of 
ischemia and reperfusion times. Furthermore, established complement inhibitors C1-
inhibitor (C1inh) (Cetor, Sanquin) (10 µg/g bodyweight)1,3 and Cobra Venom Factor (CVF) 
(Venom Supplies, South Australia Australia) (1µg/g bodyweight)24,25 in appropriate dosages 
were administered in our intestinal I/R model to evaluate the role of complement in the 
observed damage.

Histopathological scores
Intestinal histopathological damage was assessed according to the Park/Chiu classification. 
Parts of jejunum fixed in 4% buffered formaldehyde were routinely processed using 
standard histologic techniques including formalin fixation, dehydration and paraffin 
embedding, cut in 4µm sections and stained with hematoxylin and eosin (H&E). The 
histopathological score was assessed in a blinded manner according to the system of Park/
Chiu (0= normal mucosal villi; 1= subepithelial space at villus tips; 2= extension of 
subepithelial space with moderate lifting; 3= epithelial lifting down sides of villi, some 
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denuded tips; 4= denuded villi; 5= disintegration of lamina propria), in which 25 consecutive 
villi over a section of jejunum were assessed and averaged26.  

Measurement of intestinal edema
Edema formation was determined by measurement of wet-to-dry ratios (W/D). Jejunal 
sections (4cm) were weighed and subsequently dried in a stove (60 °C).  Dry weight was 
determined when weight remained unchanged for 7 days. Percentage of water was 
calculated by the formula: (wet weight - dry weight/ wet weight) x 100%).

Blood gas analysis
At sacrifice, blood samples were obtained via cardiac puncture, collected in heparinized 
glass capillaries (Clinitubes, Radiometer, Copenhagen, Denmark) and immediately analyzed 
for pH, pO2, pCO2 and base excess values (ABL 505, Radiometer).

Data analysis 
Statistical Package for the Social Sciences (SPSS 18.0, SPSS Inc, Chicago, IL) for Windows 
was used for data analysis. Data are expressed as mean ± SEM. To evaluate whether 
observed differences were significant between sham and ischemia groups, student’s t test 
were performed. Statistical significance was set at a value of P < 0.05. 

RESULTS

I. Intestinal I/R injury in Rag1-/- versus WT mice

Histopathology 
Ischemic WT mice showed significantly higher histopathological scores (Park/Chiu score) 
than the corresponding sham group (I/R: 3.6 ± 0.5 (n=6) versus sham: 0.1 ± 0.1 (n=5)) 
(p<0.05). Similarly, ischemic Rag1-/- mice (in-house strain) showed significantly higher 
histopathological scores when compared to their corresponding sham groups, (I/R:  4.4 ± 
0.2 (n=6) versus sham: 0.3 ± 0.3 (n=3) (p<0.05). Ischemic Rag1-/- mice of the in-house strain 
showed comparable amounts of histopathological damage when compared to WT mice 
(Rag1-/- I/R: 4.4 ± 0.2 (n=6); WT: 3.6 ± 0.5 (n=6); NS), as depicted in Figure 1 A. Figure 1B 
shows representative sections of Rag1-/- (in-house strain) and WT mice stained with H&E. 
Typical pathological features of injury such as subepithelial lifting, shortening of villi and 
denuded villi tips are visible in both ischemic Rag1-/- and WT mice.

Thus, unexpectedly, Rag1-/- mice were not protected from intestinal I/R injury under the 
experimental conditions used. To investigate whether the comparable amount of damage 
between Rag1-/- and WT mice was a strain-related finding, Rag1-/- mice from Jackson 
laboratories with identical background and age were evaluated in the same intestinal I/R 
model. The Jackson Rag1-/- strain demonstrated no significant differences in the extent and 
pattern of histopathological damage as compared to the in-house strain (data not shown). 
In conclusion, under the experimental conditions used Rag1-/- mice were not protected from 
intestinal I/R injury based on histopathology scores and this finding did not appear to be 
strain-related. 

Measurement of intestinal edema
Ischemic endothelial cell injury may result in increased vascular permeability and edema 
formation within the intestinal wall27. As a quantitative measure of intestinal edema, wet-
to-dry weight ratios (W/D) were measured in jejunal sections removed after I/R. As depicted 
in Figure 2,  W/D values were significantly higher in ischemic groups of both Rag1-/- strains 
when compared to their corresponding sham groups (Rag1-/- in-house strain I/R: 82% ± 1.4 
(n=6) versus sham 77% ± 1.3 (n=3) (p<0.05); Rag1-/- Jackson strain I/R: 84% ± 1.2 (n=6) 
versus sham 75% ± 0.7 (n=3) (p<0.05);). Similarly, W/D values in WT ischemia and sham groups 
were significantly different (WT I/R: 80% ± 1.3 (n=6) versus sham 73% ± 1.3 (n=5) (p<0.05)). 
Ischemic Rag1-/- groups of both strains showed comparable W/D values when compared to WT 
ischemic animals. These results show a comparable amount of intestinal edema after I/R in 
saline-treated Rag1-/- mice of two different strains when compared to WT mice.
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Figure 1. Intestinal I/R model: histopathological damage
(A)  Assessment of intestinal histopathological damage according to the Park/Chiu classification in Rag1-/- (in-

house strain) and WT mice. 
(B)  Representative sections of ischemic Rag1-/- (in-house strain) and WT mice stained with H&E (Original 

magnification x 4). Typical pathological features of injury such as subepithelial lifting, shortening of villi 
and denuded villi tips are visible in both ischemic Rag1-/- and WT mice.

Figure 2. Intestinal I/R model: comparison of Rag1-/-strains
(A)  Wet-to-dry weight ratios (W/D). Intestinal edema calculated by the formula: (wet weight – dry weight/ wet 

weight) x 100%) 
(B)  Representative sections of two strains (in-house strain and Jackson laboratories) of Rag1-/- mice stained 

with H&E (Original magnification x 4). Pathological features of injury such as subepithelial lifting, shortening 
of villi and denuded villi tips are visible in both strains of ischemic Rag1-/- mice.
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Blood gas analysis
The effect of I/R injury on pH, base excess, pO2, and pCO2 were assessed, as depicted in 
Table 1. Values did not demonstrate significant differences when comparing ischemic 
groups of in-house Rag1-/- and WT mice. Similarly, comparison between the in-house and 
Jackson strains did not yield significant differences in pH, base excess, pO2, and pCO2 
values after intestinal I/R (data not shown). 

Exploring experimental conditions
To further explore the effect of the experimental conditions used on I/R, we performed 
additional experiments in the intestinal I/R-injury model, comparing anesthetic regimens as 
well as exploring a range of ischemic (10-40 minutes) and reperfusion times (2-3 hours). 
Furthermore, the effects of complement inhibitors C1-inhibitor (C1inh) (10 µg/g bodyweight) 
and Cobra Venom Factor (CVF) (1µg/g bodyweight) were evaluated in Rag1-/- mice and WT 
mice. Anesthesia with ketamine-medetomidine and isoflurane-temgesic induced preliminary 
mortality when compared to mice anesthesized with isoflurane only. Employing a range of 
ischemic (10-40 minutes) and reperfusion times (2-3 hours) did not yield larger differences 
in histopathological damage between Rag1-/- mice as compared to WT mice after intestinal 
I/R damage. Administration of complement inhibitors in appropriate dosages had no effect 
on histopathological damage, intestinal edema or blood gas values (data not shown). 

II. The effect of IgM and CRP in the I/R model in Rag1-/- mice

The lack of IgM in Rag1-/- mice has been put forward to explain the absence of tissue injury 
after intestinal I/R in these mice, as compared to their WT littermates5,11. To evaluate whether 
absence or presence of IgM under our experimental conditions could modulate I/R injury, 
we supplemented Rag1-/- mice and WT mice with mouse IgM (mIgM) or human IgM (hIgM) 
and subjected the mice to intestinal I/R-injury. Similarly, Rag1-/- mice were supplemented 
with human CRP (hCRP), which enhances I/R injury in a rat model of myocardial I/R injury18. 
The Rag1-/- (in-house strain) and WT mice treated with saline served as controls. 

As depicted in Figure 3, ischemic Rag1-/- mice supplemented with mIgM, hCRP or saline 
showed significantly higher histopathological scores when compared to their corresponding 
sham groups (sham + saline 0.3 ± 0.3 (n=3) versus I/R + saline 4.4 ± 0.2 (n=6) (p<0.05); 
sham + mIgM 0.5 ± 0.2 (n=5) versus I/R + mIgM 4.5 ± 0.5 (n=4) (p<0.05); sham + CRP 0.0 
± 0 (n=3) versus I/R + CRP 3.7 ± 0.8 (n=7) (p<0.05)). Similarly, values in WT mice 
demonstrated a significant difference between ischemic and sham groups supplemented 
with saline (sham 0.1 ± 0.1 (n=5) versus I/R 3.6 ± 0.5 (n=6)) (p<0.05)). Ischemic Rag1-/- mice 
supplemented with hIgM had comparable histopathological scores when compared to the 
corresponding sham groups (sham + hIgM 3.0 ± 1.5 (n=4) versus I/R + hIgM 4.1 ± 0.5 (n=5) 
(NS)). 

Ischemic Rag1-/- mice showed comparable histopathological damage after addition of 
mIgM, hIgM or hCRP as Rag1-/- and WT mice supplemented with saline (I/R + saline 4.4 ± 
0.2 (n=6); I/R + mIgM 4.5 ± 0.5 (n=4); I/R + CRP 3.7 ± 0.8 (n=7); I/R in WT 3.6 ± 0.5 (n=6)). 
Hence, supplementation with mIgM, hIgM or hCRP did not affect intestinal I/R injury in 
Rag1-/- mice in this study. To illustrate this finding, Figure 3B shows comparable pathological 
features in representative H&E stained sections of Rag1-/- and WT mice supplemented with 
saline or mIgM. 

Table 1. Blood gas analysis after I/R injury. Data are expressed as mean ± SD
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DISCUSSION 

Complement-mediated I/R damage is traditionally regarded to be triggered by activation of 
the classical pathway of complement. IgM and the acute-phase protein CRP are potent 
activators of the classical pathway of complement. Rag1-/- mice are protected from local and 
remote intestinal I/R injury (5;11), whereas reconstitution with polyclonal plasma IgM from 
WT mice as well as purified human IgM restores intestinal I/R injury in Rag1-/- mice5,14. 
Similarly, mice deficient in natural antibodies (Cr2−/−) are protected against intestinal I/R 
injury, which can be restored by reconstitution of IgM from WT mice28. CRP has been 
suggested to play a role in complement activation in a rat model of intestinal ischemia and 
reperfusion, as depositions of CRP and IgM correlated well with local complement 
activation17. More recent studies however, propose involvement of mannan binding lectin 
(MBL) in complement-mediated tissue injury12,29-31. Combining the role of specific pathways 
in the initiation of I/R injury into a unifying mechanism is still subject of ongoing research. 

The aim of this study was to evaluate the potential of human IgM and CRP to enhance 
tissue damage in an intestinal I/R model in Rag1-/- and WT mice. We hypothesized that 
similar to the enhancement of infarct size by human CRP in the myocardial rat model18, 
human CRP, human IgM and murine IgM may aggravate tissue damage in Rag1-/- mice in 
the intestinal I/R model. However, in contrast to studies reported in literature, we observed 
comparable histological damage in Rag1-/- mice compared to WT mice in our model of 
intestinal I/R injury. Moreover, administration of human CRP, human IgM and murine IgM 
did not aggravate histological damage. Secondary parameters such as intestinal edema and 
blood gas results did not significantly differ between Rag1-/- and WT mice either. To exclude 
strain-related differences we repeated the study in another strain of Rag1-/- mice with an 
identical genetic background, which yielded exactly the same results. Thus Rag1-/- mice were 
not protected from intestinal I/R injury in our model. Hence our findings do not support 
published studies that Rag1-/- mice are protected against intestinal I/R injury. 

A possible reason for the discrepancy between our data and studies reported in literature 
may lie within the experimental conditions we used. Ischemic times, length of reperfusion 
and anesthetic regimes are known determinants of tissue injury in animal I/R models. 
Moreover, I/R damage in our model in Rag1-/- mice may be maximal as compared to WT 
mice, so that damage cannot be amplified further by ensuing inflammatory responses. 
Therefore, we conducted several additional pilot experiments using variations of our 
experimental conditions. Regular times employed in the literature range from 20 to 40 
minutes of ischemia and reperfusion times of 2 or 3 hours. Varying ischemic (10-40 min) 
and reperfusion times (2-3 hours) in our experimental setup did not yield less I/R damage in 
the Rag1-/- mice as compared to WT mice. Similarly, anesthetic regimes are known to be of 
influence to tissue damage in mechanically ventilated mouse models32, where rats 
anaesthesized with ketamine show less intestinal mucosal injury upon I/R damage than rats 
who received pentobarbital sodium33. In our experiments, anesthesia with alternative 
anesthetic regimes only induced preliminary mortality when compared to isoflurane-

Figure 3. Intestinal I/R model: addition of hIgM, mIgM and CRP Mouse IgM (mIgM), human CRP (hCRP), 
human IgM (hIgM) or saline was administered intravenously 30 minutes prior to ischemia. 
(A) Assessment of intestinal histopathological damage according to the Park/Chiu classification. 
(B)  Representative sections of ischemic Rag1-/- and WT mice reconstituted with saline and stained with H&E 

with comparable pathological features of injury. Original magnification x 4.   
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anesthesized mice. Hence, variations in our experimental setup did not provide a clear 
explanation for the similar amount of histopathological damage observed in Rag1-/- mice 
when compared to WT mice. 

Lack of protection of Rag1-/- mice against intestinal I/R injury may be explained by claiming 
involvement of the lectin or alternative pathway of complement. Indeed, involvement of 
other complement activating molecules such as Mannose-Binding Lectin12,29,34,35 or serum 
amyloid protein (SAP) has been described36,37. Moreover, a multitude of potential neo-
epitopes and alternative candidates for complement-mediated I/R damage have been 
suggested. Studies in knock-out models have proposed binding of natural IgM to a self-
target identified as non-muscle myosin heavy chain type II (NMHC-II) as a key mechanism 
leading to irreversible intestinal I/R damage38. Other groups have suggested a role for MBL 
and complement activation via the lectin pathway by demonstrating protection from I/R 
injury in MBL-deficient mice as well as in complement factor 2- and factor B-deficient (C2/
fB-/-) mice, in which supplementation of MBL and C2 significantly restored injury and could 
be reversed by monoclonal anti-MBL29. Other studies in knock-out models of intestinal I/R 
injury suggest negatively charged phospholipids and/or ß-glycoprotein to be the epitopes 
responsible for induction of I/R damage28. To exclude involvement of complement activation 
via other pathways than the classical pathway in our model, we evaluated the effect of the 
established complement inhibitors C1inh1,3 and CVF24,25 in this I/R model. However, 
administration of complement inhibitors in appropriate dosages did not attenuate 
histopathological damage (data not shown), suggesting complement does not contribute 
to tissue damage upon intestinal I/R in the Rag1-/- mice. Based on these findings the classical 
pathway in our model does not appear to be bypassed by the alternative or lectin pathways. 

This study underlines current discussions about reproducibility of preclinical studies and 
animal models. Recent papers have reported that a majority of preclini cal cancer papers in 
top-tier journals could not be reproduced, even by the investigators themselves39,40. In 
addition, whereas most studies on complement-mediated I/R injury are performed in murine 
knock-out models, recent studies challenge the use of mouse models of inflammation to 
mimic human diseases41,42. For example, a recent publication highlights consistent 
differences in genomic responses to various acute inflammatory stimuli between humans 
and mice42. In addition, differences in cellular composition between mouse and human 
tissues can contribute to the interspecies differences seen in the molecular response43. In 
line with these findings, studies in which single pathways of complement are blocked in 
knock-out mice models have yielded large reductions of I/R injury, whilst the use of 
complement inhibitors in clinical trials have shown small and inconsistent effects. In line 
with these observations, this study emphasizes that extrapolation of findings in mouse 
models of intestinal I/R injury to human conditions should be performed with caution. 

CONCLUSION

Histological damage upon intestinal I/R was not reduced in two Rag1-/- strains as compared 
to WT mice in our model. Moreover, supplementation with known complement activators 
IgM and CRP did not enhance tissue damage. Our data suggest that IgM, CRP and 
complement activation may not contribute to I/R in our model. This significant disparity 
between our observations and literature will need to be studied further using 
immunohistochemical staining in animal and human tissue in order to differentiate between 
further experimental and etiological factors. One step further would be to acquire molecular 
details of the animal model studies demonstrating the model to mimic the molecular 
behavior of genes and pathways thought to be important for the human setting.
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