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Abstract

Hemorrhagic shock resulting from blood loss directs the majority of the blood to the vital organs, 

dramatically reducing blood flow to the intestines and resulting in damage and inflammation. The 

excessive intestinal inflammatory response includes pro-inflammatory cytokines and complement 

activation, although the mechanism is not clear. Toll-like receptors play a vital role in the innate 

immune response and toll-like receptor 2 (TLR2) is required for intestinal ischemia/reperfusion-

induced injury. We hypothesized that TLR2 plays an integral role in the intestinal inflammatory 

response after hemorrhage and subjected C57Bl/6 wild type and Tlr2-/- mice to atraumatic loss of 

∼30% total blood volume. Two hours after blood removal, the intestinal injury and inflammation 

were assessed. We demonstrate that compared to wild type control mice, Tlr2-/- mice sustain less 

intestinal damage and inflammation. Importantly, TLR2 regulated eicosanoid and complement 

activation andIL-12 and TNFα secretions, indicating interactions between TLR2 and complement 

in response to significant blood loss.
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Introduction

Hemorrhage and the accompanying hemorrhagic shock result in damage and inflammation 

in bodily tissues that can lead to serious and immediate health complications. Most animals 

go into shock if 25-30% of their blood volume is rapidly removed; over 50% die if 30-40% 

is removed; and nearly all die if more than 40% is removed (1, 2). Hemorrhage results in 

decreased systemic perfusion, leading to a lack of blood in the intestines (3, 4). Splanchnic 

circulation accounts for 25-30% of total blood volume in the internal organs and decreased 

blood flow due to hemorrhage results in intestinal ischemia which may lead to sepsis (5). 

Many recent studies have suggested that both the inflammatory infiltrate and complement 

activation are involved in the intestinal damage in response to hemorrhage (6-9).
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The inflammatory infiltrate is critical to hemorrhage induced tissue damage in multiple 

organs (6, 8, 10-12). Multiple aspects of the inflammatory response have been implicated in 

the tissue damage from neutrophils to toll-like receptors (TLRs) to complement activation. 

The neutrophilic infiltrate of the liver and lung produces an oxidative burst that is critical to 

the innate immune system's response to pathogen associated molecular patterns (PAMPs). 

Hemorrhage induces multiple pro-inflammatory cytokines, including TNFα, IL-6 and IL-12 

in a TLR-dependent manner (8, 13). Multiple TLRs are up-regulated in response to 

hemorrhage (11-14) and TLR4 and TLR9 appear to have unique roles in hemorrhage (10, 

12, 13, 15, 16). As a membrane protein molecule, TLR2 recognizes gram positive bacteria 

as well as damage-associated molecular pattern molecules (DAMPs). Importantly, TLR2 has 

unique inflammatory responses from other TLRs including increasing TNFα production 

(17) but requiring additional signals (MyD88 independent) for IL-6 production (18). In 

addition, activation of TLR2 leads to amplification of the complement cascade (19). Thus, it 

is likely that TLR2 may mediate the complement-induced intestinal tissue during 

hemorrhage.

The complement system consists of more than 30 proteins in the blood which remove 

pathogens and damaged tissue from the body. However, excessive complement activation 

mediates unnecessary damage in several animal models (reviewed in (20)) and specifically 

in hemorrhage (3, 7, 21). For example, in rat models, complement C3 depletion prevents 

clinical signs of hemorrhagic shock and complement activation is critical for tissue damage 

to occur as a result of hemorrhage (22). Importantly, complement inhibitors including C1 

inhibitor (9), C5a receptor antagonist, (21), soluble complement receptor 1 (CR1) (23) and 

complement receptor 2-factor H (CR2-factor H) (8) attenuate hemorrhage-induced intestinal 

damage in wild type animals. Recent studies demonstrated that during hemorrhage 

complement induces IL-12p70 production and TLR2 is required for the complement 

mediated intestinal damage in response to ischemia/reperfusion injury. (24). However, it is 

unclear how these inflammatory components interact in response to hemorrhage.

Multiple complex animal models of hemorrhage or hemorrhagic shock exist, each 

mimicking various clinical conditions. However, it is difficult to determine which 

inflammatory responses are due to each of the components. To simplify the system and 

examine the inflammatory response to blood loss in the absence of traumatic tissue damage, 

we subjected wild type (C57BL/6) and Tlr2-/- mice to volume-controlled hemorrhage and 

evaluated the inflammatory responses including eicosanoids for recruitment of the 

inflammatory infiltrate as well as complement components. This allowed us to test the 

hypothesis that atraumatic blood loss alone activates TLR2 and subsequently complement 

cascade as measured by C3 and production of local complement inhibitors which leads to 

intestinal damage.

Materials and Methods

Mice

Male Tlr2-/- (B6.129-Tlr2tm1Kir/J) on the C57Bl/6 background and C57Bl/6J (wild type) 

mice (8-14 weeks old) were obtained from Jackson Laboratories and maintained in the 

Division of Biology at Kansas State University. All mice were kept in a 12 hour, light to 
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dark, temperature controlled room and allowed water and food ad libitum. All mice were 

housed in a specific pathogen free facility (Helicobacter sp., mouse hepatitis virus, minute 

virus of mice, mouse parvovirus, Sendai virus, murine norovirus, Mycoplasma pulmonis, 

Theiler's murine encephalomyelitis virus, and endo- and ecto- parasites). All research was 

approved by the Institutional Animal Care and Use Committee (IACUC) and conducted in 

cooperation with the Animal Welfare Act and other federal statutes and policies that concern 

the animals.

Hemorrhage Protocol

Prior to bleeding, the mice were anesthetized with ketamine (16 mg/kg) and xylazine (80 

mg/kg), and a drop of proparicaine hydrochloride ophthalmic solution was applied to the 

eye. The anesthetized hemorrhage treated mice were subjected to removal of 30% calculated 

total blood volume (body weight (g) × 0.03 (ml/g)) via the retro-orbital sinus. All bleeding 

was completed within 5-10 minutes. Mortality rate at 2h was less than 6% and animals that 

did not survive 2 h post bleeding were not included in the study. Sham mice were randomly 

assigned and subjected to similar anesthesia, but with no blood removal. All procedures 

were performed with the animals breathing spontaneously and body temperature maintained 

at 37°C using a water-circulating heating pad. After recovery for 2 hours post-bleeding, 

mice were euthanized via cervical dislocation and tissues and sera were collected for 

analysis. Midjejunal Intestinal tissues approximately 2 cm in length were formalin fixed for 

analysis of injury and additional sections were taken for immunohistochemistry and 

intestinal secretions.

Injury Score

Formalin fixed intestinal tissue samples were transversely sectioned and and stained with 

hematoxylin & eosin for scoring injury. The slides are scored using a 6-tiered scale to 

determine the degree of villus damage due to hemorrhage (25). Sections approximately 2 cm 

long yielded between 75-150 villi that were individually scored for injury by two blinded 

reviewers then averaged to determine a composite score for each mouse. On the scale, a 

score of zero indicates normal (undamaged) villi and damage severity increases with each 

number. Villi with distortion at the tips received a score of 1. Villi with Guggenheims space 

received a score of 2. Villi with visible disruptions in the epithelium of the villi received 

score of 3. Larger breaks in the epithelium with the lamina propria largely intact received a 

score of 4. Villi with lamina propria streaming out of the damaged villi received score of 5. 

Villi that were entirely displaying hemorrhage, or entirely denuded received score of 6.

Intestinal Secretions

Ex vivo intestinal supernatants were generated and used to determine the eicosanoid and 

total peroxidase production similar to previous studies (26). Mid-jejunal whole intestinal 

sections were minced, washed, and re-suspended in freshly oxygenated Tyrodes buffer. 

They were then incubated at 37° C for 20 min then stored at -80° C. The supernatants were 

analyzed for LTB4 and PGE2 by EIA (Cayman Chemical) and TNFα, IL-6, and IL-12p70 

concentrations by Milliplex MAP immunoassay kit (Millipore) and read on a Milliplex 

Analyzer (Millipore). All cytokine and eicosanoid concentrations were normalized to 
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intestinal protein concentration determined by bicinchoninic acid assay protein analysis. All 

secretions are reported as pg/mg intestinal tissue.

Real-Time PCR

Intestinal sections were homogenized in TRIzol (Invitrogen) and total RNA collected. RNA 

concentration was determined by Nanodrop and RNA integrity and DNA genomic 

contamination was assessed on a Bioanalyzer (Agilent). Only pure RNA samples with an 

RNA integrity number greater than 8.0 were used for further analysis. Total RNA was 

reverse transcribed into cDNA using random hexamers with Revert-aid MMuLV reverse 

transcriptase (Fermentas). Real-time PCR was performed in 25 ul volumes using a Mini-

Opticon real time thermal cycler (Bio-Rad) and Perfecta SYBR Green Fastmix reagent 

(Quanta Biosciences) using the following protocol: 3m at 95°C; 50 cycles of 10s at 95°C, 

20s at Tm (Table 1), 10s at 72°C; melt curve starting at 65°C, increasing 0.5°C every 5s up 

to 95°C. The target genes (CD55, Factor H, Factor B and C3, Table 1) Ct values were 

normalized to 18s, and the fold change compared to C57Bl/6 Sham was calculated as 

described previously (27). Melt-curve analysis of the PCR products ensured amplification of 

a single product.

Immunohistochemistry

Intestinal sections (8 μm) were cut, placed on slides, and blocked with 10% normal donkey 

serum (Jackson Immunoresearch) prior to staining with primary antibodies against target 

molecules. Anti-myeloperoxidase (Thermo-Fisher), anti-mouse F4/80 (BioLegend), and 

anti-mouse C3 (HyCult Biotechnologies) were used as primaries. After washing with PBS, 

the slides were incubated with the appropriate Texas-Red labeled secondary antibodies 

(Jackson ImmunoResearch). After additional washes, the slides were coverslipped and 

examined by fluorescent microscopy using a Nikon 80i microscope equipped with a 

CoolSnap CF camera (Photometrics) and MetaVue software (Molecular Devices).

Statistical Analysis

Data are presented as mean ± SEM and were compared by one-way analysis of variance 

with post hoc analysis using Newman-Kuels test (Graph Pad/Instat Software Inc. 

Philadelphia, PA). The difference between groups was considered significant when P < 0.05.

Results

Previous studies indicated that blood loss due to hemorrhage can induce intestinal damage 

and inflammation (8). To determine if TLR2 is required for this tissue damage, we removed 

30% of the calculated blood volume from wild type (C57Bl/6) and Tlr2-/- mice and analyzed 

intestinal villus injury at 2h post-hemorrhage. Sham treatment resulted in minimal tissue 

damage in both strains of mice (Fig. 1). Similar to previous studies (8), wild type mice 

sustained significant intestinal damage at 2h post-hemorrhage (HEM). In contrast, Tlr2-/- 

mice received significantly less damage than wild type mice when subjected to hemorrhage. 

Representative H & E stained, intestinal villi from Sham and hemorrhage (HEM) treated 

mice are presented in Fig. 1B.
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In intestinal ischemia/reperfusion, eicosanoids are critical for intestinal damage to occur, and 

they may be involved in hemorrhage-induced intestinal damage as well. Cyclooxygenase-2 

(Cox-2) is an enzyme responsible for production of prostaglandins E2 (PGE2), which is an 

important mediator of the inflammatory response. We analyzed Cox-2 transcript levels to 

determine whether or not the inflammatory response is altered during hemorrhage. 

Compared to wild type mice, Cox 2 transcript is significantly lower in Tlr2-/- mice (Fig. 2A), 

suggesting that Cox-2-mediated PGE2 production may be mediated by TLR2 during 

hemorrhage. We also analyzed PGE2 levels in ex-vivo intestinal supernatants and found that 

Tlr2-/- mice produced significantly lower levels of PGE2 than wild type mice in response to 

hemorrhage (Fig.2B). Similarly, leukotriene B4 (LTB4), which is important for neutrophil 

recruitment during inflammation, was significantly decreased after hemorrhage in Tlr2-/- 

mice compared to wild type mice (Fig. 2C). Thus, TLR2 plays a critical role in eicosanoid 

production in response to hemorrhage.

As LTB4 is a chemo-attractant for neutrophils, and previous studies demonstrated that 

hemorrhage induced macrophage infiltration (8), we examined intestines for the 

inflammatory infiltration. To examine neutrophil infiltration, we stained Sham and 

hemorrhage treated tissues from each strain of mice for myeloperoxidase, a neutrophil 

specific enzyme. Surprisingly, both wild type and TLr2-/- animals had a slight but not 

significant increase in myeloperoxidase stained cells suggesting a neutrophil infiltration of 

the villi in response to hemorrhage (Fig. 3A). In contrast, the macrophage infiltration as 

indicated by F4/80 staining was significantly elevated in response to hemorrhage in wild 

type mice but not Tlr2-/- mice (Fig. 3B). Importantly, tissues from wild type mice contained 

significantly more F4/80 positive cells than tissues from Tlr2-/- mice. Together these data 

suggest that TLR2 is critical for the macrophage inflammatory infiltrate into the intestine in 

response to hemorrhage.

Previous studies indicated that macrophage infiltration associates with hemorrhage-induced 

cytokines including TNFα, IL-6 and IL-12p70 (8, 12). As the macrophage infiltration was 

TLR2 dependent, we hypothesized that the pro-inflammatory cytokine profile would also be 

TLR2 dependent. As expected, compared to Sham treatment, all cytokines were elevated in 

the wild type tissues after hemorrhage (Fig. 4). In addition, TNFα and IL-12p70 were 

significantly reduced in the hemorrhage treated Tlr2-/- tissues compared to the wild type 

hemorrhaged tissues (Fig. 4A, B). However, secretion of IL-6 was elevated in hemorrhage-

treated tissues from both strains of mice (Fig. 4C). Together, these data indicate that TNFα 

and IL-12p70 are TLR2 dependent, whereas IL-6 is TLR2 independent.

The cellular infiltrate is not the only form of inflammation in response to hemorrhage. 

Complement activation also leads to intestinal damage in mice subjected to hemorrhage (8). 

Although most complement components are produced by the liver (28), additional C3 and 

complement inhibitors can be produced in other tissues in response to stress (29). We 

initially examined the intestinal transcript of complement regulators CD55, Factor B and 

Factor H. As expected, hemorrhage increased intestinal steady state mRNA levels of all 

three complement regulators in wild type, C57Bl/6 mice (Fig. 5 and data not shown). After 

hemorrhage treatment, steady state levels of CD55 and Factor H transcript were significantly 

different from Sham treatment in Tlr2-/- mice (Fig. 5A-B). Despite the up-regulation of 
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complement regulatory proteins, steady state C3 transcript was also elevated in wild type but 

not Tlr2-/- mice (Fig. 5C). Factor B transcript was increased in response to hemorrhage in 

both strains of mice (data not shown). To determine if TLR2 deficiency also regulated 

complement activation, tissues from hemorrhage and sham treated C57Bl/6 and Tlr2-/- mice 

were stained for C3 deposition. As indicated in Figure 6, hemorrhage induced significantly 

more C3 deposition within the intestine of wild type but not Tlr2-/- mice. These data suggest 

that TLR2 is required for complement activation and intestinal deposition as well as playing 

a role in extra-hepatic production of complement inhibitors.

Discussion

Multiple studies have examined the role of hemorrhage in conjunction with trauma and/or 

resuscitation with various solutions. Although these complex systems resemble the various 

clinical conditions, it is difficult to deduce which inflammatory responses are due to blood 

loss vs trauma or resuscitation. We utilized a volume controlled hemorrhage model to 

examine the inflammatory response to hemorrhage alone. Although this model may not 

induce severe shock and extreme serum inflammatory response (30), specific organs, such 

as the intestine, may be affected more than the systemic response. In addition, the non-

invasive aspects of the model allows for investigation of the response to blood loss alone.

We demonstrate hemorrhage induces both a neutrophilic and macrophage inflammatory 

response as well as extrahepatic production of complement inhibitors. However, the 

production of complement inhibitors are not sufficient to prevent C3 deposition and 

intestinal damage. Although previous studies have suggested that the inflammatory response 

is largely TLR4 and/or TLR9 dependent, we demonstrate that the absence of TLR2 

attenuates the macrophage infiltration, intestinal IL-12p70 and TNFα production, and 

complement deposition, suggesting that other TLRs are not sufficient for the entire 

inflammatory response. Additional limitations to the current study include the use of 

anesthesia prior to hemorrhage for humane reasons and the use of male mice only as female 

mice do not sustain similar intestinal epithelial damage (31). Together, we demonstrate that 

in hemorrhage, complement mediated intestinal damage is TLR2 dependent demonstrating 

the crosstalk between major components of the inflammatory pathways.

Pro-inflammatory cytokines such as IL-12p70, IL-6 and TNFα, are a key aspect of the 

inflammatory response. A previous study demonstrated that hemorrhage-induced intestinal 

inflammation is mediated by complement activation and macrophage production of 

IL-12p70 (8). The current study extended these results to demonstrate that the IL-12p70 and 

TNFα response but not IL-6 response is TLR2 dependent. A recent study demonstrated that 

TLR2-induced production of TNFα but not IL-6 requires activation of Bruton's tyrosine 

kinase (BTK) in human monocytes (17). As stimulation of macrophage TLR4 also releases 

all three cytokines, it is likely that IL-6 production is through TLR4 stimulation while TLR2 

stimulation is BTK dependent.

During ischemia, the gut barrier becomes leaky and may allow the escape of bacterial 

products into the intestinal tissue or lymph. As hemorrhage is proposed to induce gut 

ischemia, it is possible that commenals or commensal products may activate TLR2 in 
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response to hemorrhage. This hypothesis would correlate with the fact that antibiotic 

depletion of commensals decreased TLR2 expression within the intestine and decreased 

intestinal TNFα in response to ischemia/reperfusion (32). In addition, infection with heat-

killed Brucella stimulates TLR2-mediated TNFα production and subsequently leads to 

TLR9-mediated increase in IL-12 (33). Another study indicated that hemorrhagic shock 

induced TLR2 expression on lung in a TLR4 dependent manner (16). Together, these data 

suggest that hemorrhage may induce commensal activation of TLR2 and other TLRs, 

resulting in cytokine production by the macrophages or endothelial cells.

As we examined the intestinal response to low blood flow, our data may be similar to that 

from studies on intestinal ischemia/reperfusion (IR). Our data indicated that TLR2 mediates 

hemorrhage-induced intestinal Cox-2, PGE2, TNFα and IL-12 but not IL-6 production. The 

role of TLR2 in mouse models of intestinal IR varies depending on the model. With a long 

ischemic time and 60 min reperfusion, TLR2 mediates TNFα and MPO but not Cox-2 or 

PGE2 (34). In contrast, 30 mins ischemia followed by 120 min reperfusion leads to a TLR2 

dependent increase in Cox-2, PGE2, and TNFα (24). In addition, in a time course of trauma-

hemorrhage, cytokines were not produced until 2 h post-injury (35). Together these data 

suggest that the current results may be due to the 120 min reperfusion time period. In other 

models of IR, the role of TLR2 in cytokine production appears to vary by organ type. For 

example, in kidney IR, TLR2 stimulation induces IL-6 and IL-12p40 and a TLR2 inhibitor 

OPN301 decreased the production of these cytokines (36). However, in myocardial IR, 

TLR2 is not required for IL-6 (37) and may or may not be required for TNFα production 

(37, 38). Finally, after intracerebral hemorrhage, HMGB-1 appears to stimulate TLR2 and 

TLR4 and provide a beneficial neurogenesis at later time points (39).

Multiple studies have demonstrated not only the importance of complement in hemorrhage 

(3, 7, 8, 21) but also immediate activation of complement as visualized within 3 min post 

injury in a porcine model of trauma-hemorrhage (35). Our previous studies indicated that 

CR2-fH inhibition of complement modulated hemorrhage-induced tissue damage and 

inflammatory cytokine and eicosanoid production. Similar to the previous study, the current 

study demonstrated that hemorrhage induced an increase in levels of complement C3 

deposition while also increasing transcription of complement regulators CD55 and Factor H. 

In contrast, none of these complement components were elevated in the absence of TLR2 

suggesting that TLR2 regulates complement activation and/or inhibition within the intestine. 

Although hemorrhage induced Factor B in the current study, the induction was not TLR2 

dependent. Together, these data suggest that Factor H plays a role in hemorrhage in a TLR2-

dependent manner.

Both the alternative and classical complement activation pathways have been implicated in 

related mouse models. The current study suggests that Factor B and the alternative pathway 

is elevated in a TLR2-independent manner. This differs from a mouse model of sepsis in 

which TLR2 signaling activated the alternative complement pathway via Factor B (40). 

TLR2 also regulates complement activation in the intestinal IR model by decreasing the 

classical pathway (24) and the TLR2 inhibitor, OPN301, inhibits C3 deposition in kidney IR 

(36). In vivo administration of zymosan, a TLR2 agonist, stimulated IL-6 and IL-12 

production which was blocked by complement inhibition with cobra venom factor, 
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demonstrating that complement also regulates TLR2 activation (41). Together these data 

indicate significant crosstalk between the innate immune components, TLR2 and 

complement in multiple clinical conditions, including blood loss.

In conclusion, we have demonstrated that hemorrhage induces both the cellular and humoral 

innate immune responses. The innate cellular response includes TLR2 dependent 

macrophage activation in addition to the traditional neutrophilic infiltration. Importantly, 

hemorrhage also induces a significant TLR2-dependent humoral innate response of 

complement activation despite the production of extra-hepatic of complement inhibitors. 

Together, these data demonstrate that during hemorrhage, TLR2 mediates crosstalk between 

the cellular and humoral innate immune response.
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Figure 1. Tlr2-/- mice sustain significantly less intestinal damage than wild type C57Bl/6 mice 
when subjected to hemorrhage
Mid-jejunal intestinal damage was determined 2 hours after bleeding by scoring 75-150 villi 

per intestinal section. Each bar (A) and photomicrograph (B) represents the mean ± SEM of 

9-11 animals per treatment group. *Indicates significant difference (p<.05) between 

hemorrhage (HEM) and Sham treatments; Φ indicates p<0.05 difference between tissues 

from hemorrhage (HEM) treated C57Bl/6 and Tlr2-/- mice.
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Figure 2. TLR2 is required for hemorrhage-induced intestinal Cox-2, PGE2 and LTB4 
production
A) After isolating RNA, steady state Cox-2 transcripts were analyzed by Real-Time PCR 

and the Ct values normalized to 18s and fold change compared to tissues from C57Bl/6 

Sham treated mice (N=5-6 animals/treatment group). B, C) Ex vivo intestinal PGE2 (B) and 

LTB4 (C) concentrations were determined 2 hours after bleeding (HEM) and normalized to 

mg protein. Each bar represents mean +/- SEM for 5-6 animals/treatment. *Indicates 

significant difference (p<.05) between hemorrhage (HEM) and Sham treatment; Φ indicates 

p<0.05 difference between tissues from hemorrhage-treated (HEM) C57Bl/6 and Tlr2-/- 

mice.
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Figure 3. Hemorrhage induced F4/80 expression but not MPO expression in a TLR2 dependent
Intestinal tissues from Hemorrhage (HEM) or Sham treated C57Bl/6 or Tlr2-/- mice were 

stained for myeloperoxidase (MPO) (A) or F4/80 (B) by immunohistochemistry. Bar graphs 

represent photomicrographs analyzed with Image J. Photomicrographs (original 

magnification 200x) are representative of five photomicrographs of four to five animals 

stained in independent experiments. *Indicates significant difference (p<.05) between 

hemorrhage (HEM) and Sham treatment; Φ indicates p<0.05 difference between tissues 

from hemorrhage-treated (HEM) C57Bl/6 and Tlr2-/- mice.
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Figure 4. Hemorrhage-induced intestinal IL-12p70 and TNFα but not IL-6 are TLR2 dependent
Ex vivo intestinal IL-12p70 (A), TNFα (B) and IL-6 (C) secretions were determined 2 hours 

after bleeding and normalized to mg protein. Each bar represents mean +/- SEM for 5-7 

animals/treatment. *Indicates significant difference (p<.05) between hemorrhage (HEM) 

and Sham treatment; Φ indicates p<0.05 difference between tissues from hemorrhage-treated 

(HEM) C57Bl/6 and Tlr2-/- mice.
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Figure 5. Tlr2-/- mice produce less intestinal transcript of CD55, Factor H, and C3 than C57/Bl6 
mice when subjected to hemorrhage
After isolating RNA, Real-Time PCR was used to analyze steady state CD55 (A), Factor H 

(B), and C3 (C) transcript expression. The target gene Ct values were normalized to 

ribosomal 18s RNA, and the dCt values of C57/Bl6 and Tlr2-/- hemorrhage (HEM) samples 

were normalized to C57/Bl6 Sham mice and the fold change calculated as ddCt. Each bar 

represents mean +/- SEM for 5-6 animals/treatment. * Indicates significant difference 

(p<0.05) from sham to hemorrhage. Φ indicates p<0.05 difference between tissues from 

hemorrhage-treated (HEM) C57Bl/6 and Tlr2-/- mice.
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Figure 6. Hemorrhage induces intestinal C3 deposition in a TLR2 dependent manner
After hemorrhage (HEM) or Sham treatment, intestinal tissues from wild type or Tlr2-/- mice 

were stained for C3 deposition with immunohistochemistry. Bar graphs represent 

photomicrographs analyzed with Image J. Each photomicrograph (original magnification 

200x) is representative of at least four animals (five-six photomicrographs from each) 

stained in at least four independent experiments. *Indicates significant difference (p<.05) 

between hemorrhage (HEM) and Sham treatment; Φ indicates p<0.05 difference between 

tissues from hemorrhage-treated (HEM) C57Bl/6 and Tlr2-/- mice.
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Table 1
Real Time PCR Primer Sequences

Gene Tm (°C)a Sequence

C3 60
FWD: CACCGCCAAGAATGCCTSC

REV: GATCAGGTGTTTCAGCCGC

CD55 58
FWD: AATGTGGGGAGAGGGAAATC

REV: CTGTGGCGATTCTG TTACA

Cox-2 55
FWD: ATTCAACACACTCTATCACTGGC

REV: TGGTCAAATCCTGTGCTCATACAT

Factor H 55
FWD: ACCACATGTGCCAAATGCTA

REV: TGTTGAGTCTCGGCACTTTG

Factor B 58
FWD: CCAGCATTTGGGTTTCAGTT

REV: CACACCTCCAGAGGAGAAGC

Ribosomal 18sb 58
FWD: CTGGTAATTCATCTCTCTGCTCTG

REV: GCGACCAAAGGAACCATAAC

a
Annealing temperature

b
House-keeping gene to which genes of interest were normalized
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