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Abstract

Background—Identification of key molecular players in myocardial healing could lead to

improved therapies, reduction of scar formation, and heart failure after myocardial infarction (MI).

We hypothesized that clotting factor XIII (FXIII), a transglutaminase involved in wound healing,

may play an important role in MI given prior clinical and mouse model data.

Methods and Results—To determine whether a truly causative relationship existed between

FXIII activity and myocardial healing, we prospectively studied myocardial repair in FXIII-

deficient mice. All FXIII−/− and FXIII−/+ (FXIII activity <5% and 70%) mice died within 5 days

after MI from left ventricular rupture. In contradistinction, FXIII−/− mice that received 5 days of

intravenous FXIII replacement therapy had normal survival rates; however, cardiac MRI

demonstrated worse left ventricular remodeling in these reconstituted FXIII−/− mice. Using a

FXIII-sensitive molecular imaging agent, we found significantly greater FXIII activity in wild-

type mice and FXIII−/− mice receiving supplemental FXIII than in FXIII−/− mice (P<0.05). In

FXIII−/− but not in reconstituted FXIII−/− mice, histology revealed diminished neutrophil

migration into the MI. Reverse transcriptase–polymerase chain reaction studies suggested that the

impaired inflammatory response in FXIII−/− mice was independent of intercellular adhesion

molecule and lipopolysaccharide-induced CXC chemokine, both important for cell migration.

After MI, expression of matrix metalloproteinase-9 was 650% higher and collagen-1 was 53%
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lower in FXIII−/− mice, establishing an imbalance in extracellular matrix turnover and providing a

possible mechanism for the observed cardiac rupture in the FXIII−/− mice.

Conclusions—These data suggest that FXIII has an important role in murine myocardial

healing after infarction.

Keywords

factor XIII; healing; heart failure; myocardial infarction; remodeling

The prevalence of heart failure has increased dramatically over the past decade.

Postinfarction remodeling of the left ventricle (LV) is currently one of the most common

causes of heart failure, and, despite optimal pharmacological therapy, the prognosis of this

condition remains poor.1 Local expansion of the infarct due to inadequate healing may

contribute to LV dilatation, remodeling, and ultimately heart failure.2 An extreme form of

adverse infarct healing is ventricular rupture, often a fatal condition. Strategies designed to

directly promote myocardial healing have the potential to limit infarct expansion, aneurysm

formation, and the development of heart failure. However, few therapies are available to

directly improve local myocardial repair in the postinfarct setting.

Blood coagulation factor XIII (FXIII) is thought to play a role in wound healing and tissue

repair. FXIII is a protrans-glutaminase that becomes activated by thrombin in the final stage

of the clotting cascade. FXIII is present in plasma, platelets, monocytes, and macrophages,

all of which are involved in infarct healing. FXIII deficiency can be caused by a genetic

defect or by severe illness and may result in impaired hemostasis.3 The importance of FXIII

for wound healing is suggested by the following: (1) delayed wound healing in FXIII-

deficient patients4 and mice5; (2) beneficial effects of FXIII application on wound healing in

experimental and clinical studies3; (3) antiapoptotic properties of FXIII6; (4) effects on cell

migration into the wound7; and (5) modulation of fibrin and collagen synthesis and

deposition.8

To determine whether FXIII is essential for acute and chronic infarct scar stability, we

investigated a murine model with genetically reduced FXIII levels. Mice deficient in or

heterozygous for the gene encoding the enzymatically active subunit A of FXIII have

plasma enzyme levels <5% and ≈70%, respectively, of normal human plasma.9 We used a

murine coronary ligation model and high-field cardiac MRI to follow scar formation and the

consequent remodeling process of the heart. In addition, we used an 111In-labeled molecular

imaging agent capable of detecting in vivo FXIII enzyme activity10 in healing murine

infarcts.

Methods

A total of 116 mice 20 to 30 weeks of age and with equal distribution among both sexes of

the following groups were studied: sham-operated wild-type mice (CBA, Harlan-

Winkelmann, Germany) (n=8); wild-type mice with myocardial infarction (MI) (n=35);

sham FXIII−/− mice (n=10); FXIII−/− mice with MI (n=25); FXIII−/− mice with MI and

intravenous substitution of FXIII (n=28); and heterozygous FXIII-knockout mice with MI
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(n=10). FXIII-knockout mice lacking the active subunit A of FXIII were kindly provided by

ZLB Behring, Marburg, Germany. Breeding of these mice is difficult because of intrauterine

bleeding, with a resulting maternal mortality rate of 50%9; however, the feasibility of

obtaining up to 2.2 pups per homozygous breeding pair has been reported.11

Mice underwent left coronary artery ligation or sham surgery as described previously.12

Sham surgery comprised thoracotomy and passing of a suture under the coronary artery

without actual ligation of the artery. This control surgery, which bears a 0% mortality rate,

excludes that effects on mortality are induced by these injuries. To minimize bleeding

complications in FXIII-deficient mice due to the thoracotomy, FXIII-free fibrin glue (gift

from ZLB Behring, Marburg, Germany) was applied to the thoracotomy wound in all

animals.

The group of FXIII−/− mice with MI and substitution of FXIII (in the following called

reconstituted FXIII−/− mice) received 200 U Fibrogammin per kilogram body weight (ZLB

Behring) via tail vein for 5 days, starting 1 day before MI. As previously determined, this

dosage results in a FXIII plasma level of >175±19% activity in FXIII−/− mice 1 hour after

application. The investigation conforms to the Guide for the Care and Use of Laboratory

Animals published by the US National Institutes of Health (NIH publication No. 85-23, rev

1996).

Magnetic Resonance Imaging

For assessment of scar thickness and LV remodeling, cine MRI was performed on days 1, 7,

and 42 after coronary ligation on a 7-T Biospec (Bruker, Germany) device with the use of an

ECG-triggered fast low-angle shot sequence with the following imaging parameters: echo

time, 1.5 ms; repetition time, 4.3 ms; field of view, 30 mm2; acquisition matrix, 128×128;

and slice thickness, 1.0 mm.13 At midventricular level, an additional slice with a higher

resolution (acquisition matrix, 256×256; field of view, 30 mm2) was acquired for exact

determination of scar thickness to assess infarct expansion. Data analysis was performed as

described before.14

Molecular Imaging of In Vivo FXIII Activity

To assess the in vivo enzyme activity of FXIII within the healing infarct, an 111In-labeled

affinity peptide was used. This agent is based on the N-terminus of α2-antiplasmin, which is

covalently cross-linked to fibrin by FXIII.10 Because FXIII is also known to cross-link

collagen fibers,15 the previous optical imaging agent was developed into a scintigraphic

imaging agent to image FXIII activity during infarct healing. FXIII recognizes the probe as a

substrate and cross-links it to collagen, leading to local entrapment of the radio-active

labeled peptide in the healing infarct. The chemical synthesis has been described in detail.16

Briefly, the FXIII peptide substrate NQEQVSPLTLLK, based on the N-terminus of α2-

antiplasmin, was synthesized with a chelator, DOTA, on the side chain of C-terminal lysine

residue. Before injection, the peptide (10 nmol) was labeled with 1 mCi of 111InCl3 in

glycine/HCl buffer (50 mmol/L, pH 3.5) at 80°C for 2 hours. After reaction, the probe was

diluted in PBS buffer. The 111In-labeled probe (1 mCi/animal) was injected into the tail vein

of each of 5 wild-type mice 3 days after coronary ligation. In 3 mice with MI, free 111In (1
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mCi/animal) was injected as a control experiment. Twenty-four hours later, the mice were

euthanized and perfused with saline. The hearts were excised and cut into myocardial rings

of 1-mm thickness, which were stained with 2-3-5-triphenyl tetrazolium chloride (TTC) to

demarcate the infarct. Thereafter, the rings were exposed on a PhosphorImager for 18 hours.

The target-to-background ratio (TBR) was determined in 3 to 4 myocardial rings per mouse

as follows: TBR=(infarct–noise)/(remote myocardium–noise). These regions were identified

with the use of digital images of the TTC-stained myocardial rings. The noise was measured

in a region of interest next to the tissue. In additional control experiments, the active probe

was injected into 5 FXIII−/− and 4 reconstituted FXIII−/− mice. These experiments were

performed on day 2 or 3 after MI, before the onset of spontaneous death due to scar rupture.

Histology

To assess neutrophil invasion, hematoxylin-eosin and periodic acid–Schiff staining was

performed. For the determination of leukocyte count in the border zone, an additional 5

FXIII−/−, 5 reconstituted FXIII−/−, and 5 wild-type mice were euthanized 2 days after

coronary ligation, well before spontaneous death of the knockout mice. Within a 2-mm

distance of the infarct border, neutrophil granulocytes were counted in a midventricular slice

with the use of ×400 magnification. Twenty high-power fields were counted in each of 3

slices per heart.

To evaluate the presence of FXIII within the healing infarct, we performed

immunohistochemical analysis on fresh-frozen, 6-μm-thick sections using a rabbit anti-

mouse anti-FXIII antibody as a primary (omitted on control slides). The secondary was a

biotinylated goat anti-rabbit (Vector Laboratories, Burlingame, Calif). Furthermore, avidin-

coupled horseradish-peroxidase (Vector) and a substrate chromogen (DakoCytomation)

were used.

Biochemical and Molecular Measurements

To determine the expression of intercellular adhesion molecule-1 (ICAM-1) and

lipopolysaccharide-induced CXC chemokine (LIX), myocardial RNA isolation of 6 wild-

type and 7 FXIII−/− mice, which were euthanized 2 days after MI, was performed as

previously described.12 Again, this time point was chosen to avoid spontaneous death of

knockout mice, which started 3 days after MI. In addition, we determined the expression of

collagen type 1-α2 to examine the influence of FXIII on collagen synthesis. After synthesis

of cDNA with random hexamers (Superscript, Invitrogen), a real-time polymerase chain

reaction (PCR) was performed (iCycler, BioRad) with commercially available TaqMan

probes for 18S and murine ICAM, LIX, and collagen type 1-α2 (Applied Biosystems). PCR

parameters were used as recommended for the TaqMan universal PCR master mix kit

(Applied Biosystems). RNA samples were normalized to 18S rRNA.

Matrix metalloproteinase-9 (MMP-9) was measured in duplicate by a commercial ELISA

(R&D Systems) according to the manufacture’s protocol after mechanical lysis of

myocardial tissue with a buffer containing 50 mmol/L Tris-HCl, 75 mmol/L NaCl, 1

mmol/L phenylmethylsulfonyl fluoride, pH 7.5. Collagen and MMP-9 expressions were also

assessed in 9 reconstituted FXIII−/− mice.
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Statistical Analysis

Results are expressed as mean±SEM. Statistical comparisons among various groups were

evaluated by ANOVA, followed by the Duncan test to isolate significance of differences.

Survival was analyzed by a Kaplan-Meier plot; a log-rank test was performed to test for

differences between groups. P<0.05 was considered to indicate statistical significance.

The authors had full access to the data and take full responsibility for its integrity. All

authors have read and agree to the manuscript as written.

Results

100% Mortality in FXIII-Deficient Mice After Experimental MI Due to Ventricular Rupture

All FXIII−/− and FXIII−/+ mice that were subjected to coronary ligation died within 5 days

after surgery because of rupture of the LV (Figure 1A), whereas no deaths were observed in

the FXIII−/− sham-operated mice. Daily intravenous replenishment of FXIII for 5 days

restored survival to the level seen in the wild-type controls (numbers of animals, Table;

Kaplan-Meier-survival curve, Figure 2).

Histology

The typical finding on autopsy in FXIII−/− was a hemothorax, and myocardial rupture of the

LV free wall was confirmed on histology (Figure 1A).

Immunohistochemistry with an anti-mouse FXIII polyclonal antibody showed distinct

staining for the presence of the enzyme in the healing infarct of wild-type mice (Figure 1B).

The noninfarcted remote zones, the control sections with omitted primary antibody (not

shown), and the MI in sections from FXIII−/− mice did not stain positive for FXIII (Figure

1C). Positive staining for the presence of FXIII was observed in reconstituted FXIII−/− mice

(Figure 1D).

MRI Shows Enhanced Post-MI Remodeling in Reconstituted FXIII−/− Mice

FXIII−/− sham mice displayed a normal cardiac phenotype. LV mass and volumes, ejection

fraction, and cardiac output were similar to those in wild-type mice (data not shown). No

differences in thickness of the infarct area were observed between wild-type and

reconstituted FXIII−/− mice 1 day after MI. However, 7 and 42 days after MI, the scar was

significantly thinner in reconstituted FXIII−/− mice (Figure 3A to 3E). LV end-diastolic

volume from day 1 to 42 increased more in reconstituted FXIII−/− MI than in wild-type MI

(Figure 3F, Table). Comparison of infarct size revealed no significant differences between

wild-type and reconstituted FXIII−/− mice (day 42, Table).

Molecular Imaging Detects Elevated FXIII Activity in MI of Wild-Type Mice

With the use of a radioactive labeled molecular imaging agent capable of detecting in vivo

FXIII activity, a higher enzyme activity was found within the infarct of wild-type mice

compared with the remote myocardium (Figure 4A, 4D). In contradistinction, wild-type

mice injected with untargeted, free 111In showed no autoradiographic enhancement of the

infarct (Figure 4D). Furthermore, FXIII−/− mice were injected with the active probe, but no
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specific binding was detected in the infarct of FXIII−/− (Figure 4B, 4D). Conversely, when

resubstituted with the enzyme, the infarct areas of the FXIII−/− mice showed strong

enhancement, proving that reconstituted FXIII is active in the healing MI of these mice

(Figure 4C, 4D).

Reduced Inflammatory Response in FXIII-Deficient Infarcts

The number of granulocytes in the vicinity of the infarct border was reduced in FXIII−/−

mice, which was partly reversed by FXIII resubstitution in FXIII−/− mice (Figure 5A).

Myocardial RNA of LIX showed an upregulation in homozygous FXIII−/− mice 2 days after

MI compared with wild-type mice (Figure 5B), whereas mRNA levels of ICAM were not

significantly changed (Figure 5C).

Imbalance of Extracellular Matrix Turnover

Myocardial expression of mRNA for collagen type 1-α2 was lower in the infarct area of

FXIII−/− mice euthanized 2 days after coronary ligation and was not improved by

resubstitution of FXIII (Figure 6A).

In wild-type mice, myocardial tissue levels of MMP-9 were higher 2 days after coronary

ligation than after sham operation (wild-type, 0.08±0.02; wild-type MI, 0.30±0.08; P<0.05).

MMP-9 was 7-fold higher in FXIII−/− MI than in wild-type MI, but resubstitution

normalized these levels (Figure 6B).

Discussion

The major novel finding of this study is that mice lacking FXIII suffer from impaired wound

healing and fatal rupture of the LV after MI. This phenomenon was observed in 100% of

homozygous and, interestingly, in 100% of the heterozygous FXIII-knockout mice, despite a

FXIII plasma level of 70%.9 Replenishment of FXIII during the 5-day acute and subacute

period of infarct healing restored survival rates of FXIII-deficient mice to that of wild-type

mice, further confirming the specific importance of FXIII in the prevention of cardiac

rupture via improved myocardial wound healing. A novel molecular imaging approach to

image wound healing demonstrated increased FXIII activity within the infarct (Figure 4). In

this experiment, a radiolabeled agent was cross-linked by FXIII to extracellular matrix

proteins and therefore trapped at the site of high FXIII activity. This signal enhancement

was lost in FXIII−/− mice but was recovered in reconstituted FXIII−/− mice, indicating that

the resubstituted enzyme is active in the healing infarct. The role of FXIII was further

evidenced in immunohistochemical studies, demonstrating strong FXIII presence in wild-

type murine infarcts but not in FXIII-deficient infarcts (Figure 1B and 1C). Efficacy of

resubstitution therapy was further proven by positive immunohistochemical staining in

reconstituted FXIII−/− mice (Figure 1D).

Cardiac rupture and consequent death of the FXIII-deficient mice occurred between days 3

and 5 after MI, which is the typical time window for this complication.17 Infiltration of

neutrophils represents an important step in the local inflammatory response triggered by a

wide variety of chemoattractants, including inflammatory cytokines.18 The finding of
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reduced neutrophil migration, which was substantially improved by resubstitution of FXIII,

to the infarct wound (Figures 1A and 5A) suggests an impaired inflammatory response.

Interestingly, this was associated with an increased expression of LIX and unchanged

expression of ICAM, both important for cell migration.19 Myocardial expression of LIX is

increased in a rat model of ischemia, and its inhibition reduces neutrophil infiltration.20

Expression of ICAM, an adhesion molecule, is also upregulated in ischemia and associated

with induction of neutrophil infiltration.21 Thus, impaired neutrophil invasion in FXIII−/−

mice occurred despite an increased expression of the potent neutrophil-chemotactic cytokine

LIX. These observations suggest an ICAM- and LIX-independent impairment of neutrophil

recruitment and perhaps a compensatory upregulation of LIX in FXIII deficiency.

Necrotic debris is cleared by phagocytosis, while fibroblasts migrate to the site of injury.22

MMPs degrade the preexisting collagen network.23 Similar to reported values,17,24 we also

found a 4-fold increase in MMP-9 levels in wild-type mice 2 days after MI. In FXIII−/−

mice, these levels were further increased by ≈650%. To the contrary, resubstitution of FXIII

normalized these increased levels to wild-type values. A causal relationship between the

MMP-9 levels and rupture of the infarct has been established by the work of Heymans et

al,25 who showed that targeted gene deletion of MMP-9 protects against cardiac rupture in

mice. Thus, prevention of upregulation of MMP-9 by FXIII appears to contribute to

protection against cardiac rupture.

Wound healing requires deposition of fibrin and subsequently other extracellular matrix

proteins such as collagen, which contribute essentially to a mechanically stable scar.23 In

FXIII-deficient mice, collagen synthesis was found to be downregulated. These data

correspond to previous reports on control of fibroblast proliferation by FXIII26 and its

ability to regulate collagen synthesis in vitro.8 In addition, FXIII provides cross-linking of

fibrin and collagen fibers.15 The reduced mechanical strength and rupture of the infarct

region in FXIII deficiency are most likely caused by an imbalance of enhanced degradation

of the preexisting extracellular matrix by MMP-9 and the insufficient creation of a durable

collagen network consisting of lower collagen synthesis and absent cross-linking of collagen

fibers.

Resubstitution therapy did not augment collagen synthesis, which may have contributed to

thinner infarct scars found by MRI in reconstituted FXIII−/− mice (Figure 3A to 3E). The

exact mechanism of how FXIII interferes with collagen synthesis remains unclear; however,

a potential explanation for the lack of rescue of collagen synthesis by resubstitution may be

related to intracellular FXIII. Intracellular FXIII resides in platelets and inflammatory cells

such as monocytes,3 and intravenous replenishment may not necessarily increase

intracellular FXIII levels. In addition, substitution was stopped 5 days after MI, but

development of a sufficient collagen scaffold takes longer.23 In the end, MI expansion and

thinning led to higher wall stress and consecutively to more dilatation of the ventricle

(Figure 3F).

In our study we did not investigate the impact of supranormal FXIII levels on wound healing

(eg, as in FXIII+/+ mice treated with FXIII), and genetic deficiency of FXIII is rare.

However, in a serial study in 25 patients with acute MI, a mean decrease of initially normal
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FXIII plasma values by 25% was reported during the first week after the ischemic event.27

In light of our findings, this may suggest that a subset of patients who develop an acquired

FXIII deficiency after MI may benefit from substitution of FXIII.

We show by these experiments that FXIII-deficient mice suffer from cardiac rupture, infarct

expansion, an attenuated inflammatory response, enhanced degradation of the extracellular

matrix, impaired collagen synthesis, and aggravated cardiac remodeling. Collectively, these

findings suggest that FXIII plays a key role in wound healing after MI. In addition, the

importance of wound healing for LV remodeling after MI is highlighted. Future strategies to

improve myocardial healing may therefore delay the evolution of heart failure beyond

established therapy options.
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CLINICAL PERSPECTIVE

The plasma transglutaminase factor XIII (FXIII) emerges as a major factor in wound

healing. In our work, we describe for the first time that the lack of this enzyme invariably

leads to the worst-case scenario of healing after myocardial injury: the often fatal left

ventricular wall rupture. In FXIII-deficient mice, healing was affected by an imbalance in

extracellular matrix turnover and an attenuated inflammatory response to injury. Clinical

studies will be necessary to define the role of FXIII in patients, but our results raise the

possibility that augmenting FXIII levels might improve myocardial healing and delay the

evolution of heart failure after myocardial infarction. In addition, the findings are of

importance because they highlight healing as a potential therapeutic target, currently a

clinically underexploited time window between acute reperfusion efforts and therapy of

cardiac remodeling and chronic heart failure. We cautiously need to keep in mind that

FXIII is part of the clotting cascade and stabilizes blood clots, which is an undesirable

function before reliable reperfusion after coronary occlusion is established.
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Figure 1.
A, Hematoxylin-eosin histology of a FXIII−/− mouse with a ruptured LV free wall 4 days

after induction of MI. a, Ruptured channel filled with erythrocytes connects the LV cavity

(right side of image) and the epicardial surface (toward left side of image). b, Remote zone,

surviving myocardium. c, Necrotic area within infarct; note the absence of inflammatory

cells. Bar=50 μm. B, Immunohistochemical staining with the use of anti-FXIII antibody in a

wild-type mouse 2 days after MI. The infarct region shows enhanced staining for the FXIII

presence. Bar=50 μm. C, Immunohistochemical staining with the use of anti-FXIII antibody

in a FXIII−/− mouse (control, 2 days after MI). There is no staining for FXIII. Bar=50 μm.

D, Immunohistochemical staining with the use of anti-FXIII antibody in a reconstituted

FXIII−/− mouse 2 days after MI. There is positive staining for FXIII presence in the border

zone of the infarct. Bar=50 μm.
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Figure 2.
Kaplan-Meier-survival curve. Homozygous and heterozygous FXIII-knockout (KO) mice do

not survive the first week after MI because of a ruptured LV. This effect is abolished by

intravenous substitution of FXIII. Sham FXIII−/−, n=10; MI FXIII−/+, n=10; number of

animals for all other groups are stated in the Table. P<0.05 for wild-type MI vs FXIII−/− MI

and FXIII−/+ MI; P<0.05 for reconstituted FXIII−/− MI vs FXIII−/− MI and FXIII−/+ MI.
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Figure 3.
MR short-axis images. A, Wild-type (WT) mouse 1 week after induction of MI. The dotted

white line marks the epicardial border at the area of the MI. B, Reconstituted FXIII−/−

mouse 1 week after MI. The infarct is thinner than in wild-type mice. C and D,

Reconstituted FXIII−/− mouse, 42 days after MI, diastolic and systolic short-axis. A thin

infarct scar is visible at the high-resolution MRI (field of view, 30 mm2; matrix, 256×256).

E and F, Scar thickness and end-diastolic volume at days 1, 7, and 42 after induction of MI.

In reconstituted FXIII−/− mice, induction of MI leads to thinner scars and larger LVs.

*P<0.05 vs wild-type MI. EDV indicates end-diastolic LV volume.
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Figure 4.
A to C, Molecular imaging of FXIII activity. Representative autoradiography (left) of

myocardial short-axis ring showing remote myocardium and MI (arrows). The contrast

agent, which reflects in vivo FXIII activity, distributes to the healing infarct in wild-type

mice (A) and FXIII−/− mice that were resubstituted with the enzyme (C). There is no probe

accumulation in the infarct of FXIII−/− mice (B), proving the specificity of the FXIII-

targeted agent. The pale area of the infarct in the TTC stain (middle) colocalizes with an

area of higher FXIII activity in the autoradiography compared with the remote myocardium

in wild-type mice (A) and reconstituted FXIII−/− mice (C) but not in FXIII−/− mice (B). D,
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TBR (infarct–noise)/(remote myocardium–noise) measured in 3 to 4 myocardial rings of

wild-type mice injected with FXIII-targeted 111In, wild-type mice after injection of

untargeted 111In (control probe), FXIII−/− injected with FXIII-targeted 111In, and

reconstituted FXIII−/− injected with FXIII-targeted 111In. In the wild-type mice injected with

the active probe, there is a significantly higher TBR, consistent with raised FXIII activity

within the healing infarct. The absent signal in the control experiments (wild-type control

probe and FXIII−/− active probe) proves the specificity of the agent. Resubstitution of the

enzyme in knockouts (KO) reestablishes a high TBR, which demonstrates the efficacy of the

intravenous replenishment. *P<0.05 vs wild-type active probe and reconstituted FXIII−/−.
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Figure 5.
A, Leukocyte count in border zone of the infarct scar in wild-type (WT) and FXIII−/− mice 2

days after MI. Migration of neutrophils into the ischemic region was significantly

diminished in FXIII−/− mice and reestablished to some degree by resubstitution of FXIII.

*P<0.01 vs wild-type MI and reconstituted FXIII−/−; **P<0.05 vs wild-type MI. B, Two

days after MI, the level of LIX mRNA was significantly higher in FXIII−/− mice. Numbers

are given in arbitrary units in B and C. *P<0.05 vs wild-type MI. C, No significant

difference in ICAM mRNA levels was found.
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Figure 6.
A, Collagen type 1 mRNA levels were diminished in FXIII−/− mice 2 days after MI.

Resubstitution of FXIII did not normalize collagen synthesis. *P<0.01 vs wild-type (WT)

MI. B, Myocardial tissue level of MMP-9 was 7-fold higher in FXIII−/− mice 2 days after

MI. Resubstitution led to significantly lower levels. *P<0.05 vs wild-type MI and

reconstituted FXIII−/− MI.
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Table

MRI Data After MI of Wild-Type, Homozygous FXIII−/−, and Reconstituted FXIII−/− Mice

MI Wild-Type MI FXIII−/− MI Reconstituted FXIII−/−

Day 1 after MI n=16 n=8 n=10

 Scar thickness, mm 0.80±0.05 0.80±0.05 0.75±0.05

 LV mass, mg 101±4.8 97.8±7.6 108.7±6.0

 End-diastolic volume, μL 61.3±5.9 57.9±7.0 62.6±5.7

 EF, % 54.7±4.7 43.6±6.1 48.1±5.8

 Cardiac output, mL/min 13.8±1 9.3±1.7* 10.2±0.85

 End-diastolic wall thickness, mm 0.90±0.05 0.90±0.05 0.10±0.05

Day 7 after MI n=12 n=0 n=8

 Scar thickness, mm 0.70±0.05 … 0.40±0.05*

 LV mass, mg 104.5±7.4 … 113.2±4.0

 End-diastolic volume, μL 71.3±12.3 … 88.2±8.1

 EF, % 54±5 … 48±5

 Cardiac output, mL/min 16.2±1.2 … 16.8±1.4

 End-diastolic wall thickness, mm 0.95±0.05 … 0.90±0.05

Day 42 after MI n=10 n=0 n=6

 Scar thickness, mm 0.55±0.05 … 0.20±0.05*

 LV mass, mg 122.0±7.1 … 123.6±9.5

 End-diastolic volume, μL 86.1±6.9 … 127.3±12.4*

 EF, % 52±5 … 43±7

 Cardiac output, mL/min 17.2±0.7 … 20.4±3.2

 End-diastolic wall thickness, mm 1.05±0.05 … 1.00±0.05

 MI size 27±4% … 27±3%

Values are mean±SEM.

*
P<0.05 vs wild-type MI.
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