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Abstract
Acute stretch caused by volume overload (VO) of aorto-caval fistula (ACF) induces a variety of
myocardial responses including mast cell accumulation, matrix metalloproteinase (MMP)
activation and collagen degradation, all of which are critical in dictating long term left ventricle
(LV) outcome to VO. Meanwhile, these responses can be part of myocardial inflammation
dictated by tumor necrosis factor-α (TNF-α) which is elevated after acute ACF. However, it is
unknown whether TNF-α mediates a major myocardial inflammatory response to stretch in early
VO. In 24 hour ACF and sham rats, microarray gene expression profiling and subsequent
Ingenuity Pathway Analysis identified a predominant inflammatory response and a gene network
of biologically interactive genes strongly linked to TNF-α. Western blot demonstrated increased
local production of TNF-α in the LV (1.71- and 1.66-fold in pro- and active-TNF-α over control,
respectively, P < 0.05) and cardiomyocytes (2- and 4-fold in pro- and active-TNF-α over control,
respectively, P < 0.05). TNF-α neutralization with infliximab (5.5 mg/kg) attenuated the
myocardial inflammatory response to acute VO, as indicated by inhibition of inflammatory gene
upregulation, myocardial infiltration (total CD45+ cells, mast cells and neutrophils), MMP-2
activation, collagen degradation and cardiac cell apoptosis, without improving LV remodeling and
function. These results indicate that TNF-α produced by cardiomyocytes mediates a predominant
inflammatory response to stretch in the early VO in the ACF rat, suggesting an important role of
TNF-α in initiating pathophysiological response of myocardium to VO.
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1. Introduction
Aorto-caval fistula (ACF) in the rat is widely employed as a model of volume overload
(VO). A distinct set of myocardial responses to the stretch of early VO has been previously
reported and includes cardiac mast cell accumulation and degranulation, matrix
metalloproteinase (MMP) activation, and collagen degradation [1, 2]. These myocardial
responses are believed to be critical in determining long term LV remodeling and outcome
[3, 4]. Currently, the molecular mechanisms initiating the myocardial response to stretch in
early VO of ACF have not been completely elucidated.

The distinct set of myocardial responses to stretch of early VO may be part of a major
myocardial inflammatory response initiated by tumor necrosis factor (TNF)-α. TNF-α has
been shown to induce myocardial inflammation which plays an important role in MMP
activation and collagen degradation in pressure overload and ischemia/reperfusion [5, 6].
TNF-α is a cytokine with pleiotropic biological effects. It activates NF-κB which induces
transcription of a variety of proinflammatory genes [7]. In addition, TNF-α is a potent
chemoattractant for mast cells in rats and plays a role in mast cell activation and
development [8]. Importantly, it has been shown to be elevated early in the LV after 24 hour
ACF induction [3, 9]. Nevertheless, the cellular origin of TNF-α in early VO of ACF has
been controversial [3, 9–11]. Indeed, TNF-α is a major component of mast cells but it can be
potently induced in cardiomyocytes undergoing stretch [6]. In the early VO of ACF the most
predominant type of stress on the LV myocardium is stretch because increased venous return
is associated with a decreased arterial pressure due to the low pressure runoff into the
inferior vena cava. Taken together, we hypothesize that the acute stretch caused by VO leads
to a rapid induction of TNF-α in cardiomyocytes in vivo, which mediates a predominant
myocardial inflammatory response to stretch.

To test our hypothesis, we first used microarray in conjunction with Ingenuity Pathway
Analysis (IPA) to study molecular events in the LV after 24 hours of ACF. The results
revealed a predominant molecular response of inflammatory genes which are linked to TNF-
α. Second, we demonstrated the cardiomyocyte as a source of stretch-induced TNF-α in the
myocardium. Third, we used the TNF-α antagonist infliximab, which can neutralize rat
TNF-α [12], to examine the effect of TNF-α on myocardial responses to early VO after 24
hours of ACF in the rat. Our results indicate that TNF-α produced in cardiomyocytes
mediates a predominant myocardial inflammatory response to stretch in the first 24 hours of
ACF.

2. Materials and Methods
2.1 Reagents and antibodies

Rabbit antibodies anti-NF-κB p65, anti-phospho-NF-κB p65 (S529), anti-calsequestrin, anti-
vimentin and mouse anti-heme oxygenase 1 were from Abcam (Cambridge, MA). Mouse
anti-CD45 antibody, rabbit antibody anti-chemokine (c-c) motif ligand (CCL) 2, anti-
myeloperoxidase and mouse anti-β-tubulin antibodies were from BD Bioscience-
Pharmingen (San Jose, CA), eBioscience (San Diego, CA) and Sigma-Aldrich (St. Louis,
MO), respectively. Rabbit anti-CD14 and goat anti-TNF-α antibody was from Santa Cruz
Biotechnology (Santa Cruz, CA). Chemicals were purchased from Sigma-Aldrich unless
otherwise indicated.

2.2 Animal experiments
This study was approved by the Animal Resource Program at the University of Alabama at
Birmingham, and the investigation conforms to the Guide for the Care and Use of
Laboratory Animals of NIH. ACF and sham operation were performed under sterile
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conditions as previously described in our laboratory [2]. Animals were sacrificed 24 hours
after operation. Echocardiography and hemodynamics were performed prior to sacrifice as
previously described in our lab [2, 13]. The LV was harvested, either fixed with 10%
buffered formalin phosphate, frozen in O.C.T, snap frozen in liquid nitrogen or placed in
RNAlater (Ambion, Austin, TX) for future analyses. LV free wall tissue was used for
studied unless otherwise indicated. For microarray analysis, 5 sham and 5 ACF rats were
created. In another set of rats, sham (n=6) and ACF (n=5) rats were injected with Infliximab
(5.5 mg/kg) (Remicade, Centocor, Malvern, PA) intravenously immediately after surgery. A
separate group of ACF (n=6) and sham rats (n=5) were sacrificed for cardiomyocyte
isolation.

2.3 Cardiomyocyte isolation
Cardiomyocytes were isolated as previously described [13]. Briefly, hearts were perfused
with perfusion buffer (120 mmol/L NaCl, 15 mmol/L KCl, 0.5 mmol/L KH2PO4, 5 mmol/L
NaHCO3, 10 mmol/L HEPES, and 5 mmol/L glucose, at pH 7.0) for 5 min and digested
with perfusion buffer containing 2% collagenase II (Invitrogen, Carlsbad, CA) for 30 min at
37°C. The right ventricle, atria and apex were removed before the perfused-heart was
minced. The digestion was filtered, washed and cells were pelletted. Only samples with
purity and viability (rod-shaped) > 95% or 80%, respectively, were used.

2.4 Collagen Volume Fraction (CVF)
Interstitial CVF was determined on picrosirius red-stained sections. Interstitial collagen was
quantified as previously described [2].

2.5 MMP-2 activity
Frozen heart tissue were homogenized in extraction buffer (50 µmol/L Tris-HCl, pH 7.6,
1.5mmol/L NaCl, 0.5 mmol/L CaCl2, 1 µmol/L ZnCl2, 0.01% Brij 35 and 0.25% Triton
x-100). Total and active MMP-2 was measured by an activity assay system according to the
manufacturer’s protocol (Biotrak, Amerham, Piscataway, NJ).

2.6 RNA Isolation
Total RNA was extracted from LV tissue using RNeasy Fibrous Kit (Qiagen, Maryland).
Integrity of the RNA was evaluated on the Bio-Rad Experion (Bio-Rad, Hercules, CA).

2.7 Microarray Analysis
Single color microarray analysis was performed on sham and ACF rats (n=5 per group)
utilizing Agilent 4×44K rat cDNA array chips (Agilent, Palo Alto CA). Data analysis was
run on Genespring GX 7.3.1 (Agilent). After background subtraction, the data was
normalized using 1 color scenario (Per chip, Per gene). For ‘per chip normalization’, all
gene expression data on each single chip were normalized to the 50th percentile of all values
with a “present” flag only on that chip. For ‘per gene normalization’ the expression level of
each individual gene on all chips was normalized to the arithmetic mean of that gene
calculated from sham groups. ACF group was compared with sham group. A list of genes
with ≥ 1.5-fold change was generated first. Following fold-change filtering, a final list was
generated with significant changes in expression identified by Welch’s t test with P < 0.05.
No multiple testing correction was applied [14].

2.8 Quantitive Real-Time PCR (qRT-PCR)
qRT-PCR was performed on iCycler iQ system using SYBR green (Bio-Rad). The primers
sequences are shown in Supplemental Table 1. Briefly, 500 ng total RNA was reverse-
transcribed in a 20 µl reaction volume using an iScript cDNA synthesis kit (Bio-Rad).
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Samples were run in duplicate and copy numbers were acquired according to serial dilution
of standards. GAPDH was used as an internal control.

2.9 Ingenuity Pathway Analysis
Differentially expressed genes were uploaded onto IPA 6.0 (http://www.ingenuity.com) to
identify significantly perturbed biological networks. Biological networks were generated
according to the function interaction among genes in the uploaded data set. Calculated P-
value determines the probability that these genes may show up together in the network by
chance alone.

2.10 Histopathological analysis
Mast cell and neutrophils were identified using Giemsa staining [13] or anti-
myeloperoxidase (1:50) antibody [15] on paraffin sections respectively. Positive cells were
counted throughout the LV free wall and expressed as number of cells/mm2. Frozen sections
were used for immunohistochemical detection of CD45+ cells. Sections were fixed in
acetone (−20°C), blocked at room temperature and then incubated with anti-CD45 antibody
(1:100) overnight at 4°C. After that, sections were incubated with FITC-conjugated
secondary antibodies. Nuclei were stained with DAPI (Vector). Positive cells were
enumerated on all the fields (10 to 20) along epicardium of the LV free wall at × 400
magnification.

2.11 TUNEL assay
The TUNEL assay was performed on paraffin-embedded sections using the DeadEnd
fluorometric TUNEL kit (Promega, Madison, WI). TUNEL-positive non-myocytes were
counted throughout the LV free wall and expressed as number/mm2.

2.12 Western blot
80 µg of tissue or cell lysate was separated on 4–12% Bis-Tris gradient gel (Invitrogen),
transferred to a PVDF membrane then incubated with antibody to CD14 (1:1000), TNF-α
(1:500), CCL2 (1:1000), SMAD family member 7 (1:1000), heme oxygenase 1 (1:500),
Vimentin (1:1000), phospho-NF-κB p65 (1:500) or total NF-κB p65 (1:1000) overnight at
4°C followed by incubation with HRP-conjugated secondary antibodies. Membranes were
incubated with Chemiluminescent Substrate (Pierce, Rockford, IL) and exposed to X-ray
film. Bands were quantified by Scion Image 4.0.3. β-tubulin (1:4,000) and calsequestrin
(1:2000) antibodies were used as internal controls for tissue and cardiomyocytes lysates
respectively.

2.13 Statistics
Data are expressed as mean ± SEM. CD45+ cells, mast cells, MMP-2 activity, CVF and
TUNEL-positive non-myocytes were analyzed by ANOVA (ACF vs. sham, with or without
TNF-α blockade) followed by Post Hoc Student-Newman-Kuels analyses. Student’s t-test
was used for echo, hemodynamics, qRT-PCR and western blot data analyses and correlation
was determined using Pearson correlation. A P < 0.05 was considered statistically
significant.

3. Results
3.1 Microarray identifies a predominant early inflammatory response in the LV after ACF

Twenty-four hour ACF induced a marked increase in LV end-systolic pressure (LVEDP)
and LV end-diastolic dimension (LVEDD) in ACF vs. shams, demonstrating a significant
VO and stretch on the LV (Table 1). Compared to shams, ACF had 141 upregulated and 21
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downregulated transcripts (fold-change ≥ 1.5, P < 0.05). There was excellent correlation
between microarray and qRT-PCR (P < 0.001) (Figure 1, A and B).

Functional classification of differentially expressed genes indicated a cluster of genes
involved in inflammation (Figure 1C). These genes included cytokine/chemokines, growth
factors, transmembrane receptors, post-receptor signaling proteins and transcription factors
— which are involved in the regulation, activation, chemotaxis, attachment and proliferation
of leukocytes (Table 2). We also found a marked increase in several inflammation
suppression genes, such as interleukin 1 receptor antagonist and interleukin 22 receptor
antagonist and heme oxygenase 1 (Table 2). However, the mRNA of three major
proinflammatory cytokines of TNF-α, interleukin 1β and interleukin 6, were not changed
according to microarray, and this was confirmed by qRT-PCR (Figure 1D).

We next explored the functional interactions among the altered genes using IPA. IPA
identified a gene interactive network of 28 altered genes which were confirmed by qRT-
PCR with the exception of integrin β6 (Figure 2A, Table 2). The biological functions of this
network were characterized by inflammation and immune response. At the central point of
this network was NF-κB. This was confirmed by a 2.3-fold increase in phospho-NF-κB p65
(phosphoserine-529, a site phosphorylated by TNF-α) in ACF vs. sham (Figure 2B). TNF-α
can potently augment NF-κB activation. Therefore, utilizing IPA, we assessed the biological
connection between genes in this network and TNF-α. Indeed, IPA demonstrated that of the
28 genes in this network, 19 have been reported to be directly regulated by or are regulators
of TNF-α (Figure 2C). In addition, western blot on four well-known TNF-α related
inflammatory response proteins in the identified IPA network (Figure 2A) : chemokine (c-c)
motif ligand 2 (CCL2) (chemokine), CD14 (receptor), SMAD family member 7
(intercellular signaling molecular), and heme oxygenase 1 (oxidative stress related)
confirmed significant increases of these four proteins in ACF over shams (Figure 3, A–D).

3.2 Enhanced TNF-α production in LV tissue and cardiomyocytes
The microarray and IPA findings indicated TNF-α as an inflammatory mediator in acute
VO. Although TNF-α mRNA was unchanged, there was a 1.7-fold increase in both pro- and
active LV TNF-α in ACF vs. shams (Figure 4A). We isolated cardiomyocytes from sham
and ACF rats to determine whether TNF-α was produced by cardiomyocytes. We found a 2-
fold increase in pro-TNF-α and a 4-fold increase in active TNF-α in ACF cardiomyocytes
(Figure 4B). The purity of cardiomyocytes was documented by the lack of vimentin (Figure
4C).

3.3 Effects of TNF-α antagonist, infliximab, on inflammation
We next explored the effect of TNF-α on the early inflammatory response in the heart after
ACF. Leukocytes and/or mast cell infiltration are major components of inflammation. There
was a 2-fold increase in CD45+ cells including neutrophils and mast cells in the LV free
wall of untreated ACF vs. sham rats (Figure 5, A–F), which were suppressed by TNF-α
neutralization (Figure 5, A–C).

TNF-α can promote leukocyte infiltration by inducing chemokine (c-x-c) motif ligand 1
(CXCL1) and CCL2 [7]. CXCL1 did not show up in microarray data according to our
filtering criteria. A retrospective check of the original data indicated a 1.78-fold change of
CXCL1 with P-value of 0.08. This was verified by qRT-PCR (1.74-fold, P = 0.07) (Figure
5G). CCL2 expression increased according to the microarray and was verified by qRT-PCR
in ACF rats (Figure 5H). Both CCL2 and CXCL1 were attenuated by TNF-α blockade
(Figure 5, G and H).
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Furthermore, the effect of TNF-α blockade on all altered inflammatory genes in the IPA
network was verified by qRT-PCR.TNF-α blockade suppressed the upregulation of 20 (out
of 28) genes in the IPA network (Figure 3C), including important pro-inflammatory
mediators of TNF-α, such as CCL2, chemokine (c-c) motif ligand 7, chemokine (c-x-c)
motif ligand 12, colony stimulating factor 1 and integrin αL (Figure 3C). Genes that were
not significantly or partially influenced by infliximab included interleukin 1 receptor
antagonist which could be activated through alternative mechanisms, genes situated
upstream of TNF-α production (CD14, CD32), genes indirectly or partially regulated by
TNF-α (Versican, chemokine (c-x-c) motif ligand 11), and genes negatively regulated by
TNF-α (solute carrier family 7 member 1, TNF-α-induced protein 6). In addition, infliximab
reduced genes involved in oxidative stress (heme oxygenase 1) and apoptosis (B-cell CLL/
lymphoma 3) (Figure 3C). These data implicated TNF-α as a key mediator of the LV
inflammatory response in VO of ACF.

3.4 Effects of TNF-α blockade on MMP-2 activation and collagen degradation
TNF-α induced inflammation plays an important role in MMP activation and collagen
degradation [16, 17]. We found a >2-fold increase in active MMP-2 without a significant
increase in total MMP-2 in untreated ACF vs. sham rats (Figure 6A). This was associated
with 44% decrease in interstitial collagen (Figure 6B). Infliximab abrogated MMP-2
activation and collagen degradation in ACF rats (Figure 6, A and B).

3.5 Effects of TNF-α blockade on cardiac cell apoptosis
Cardiac cell apoptosis also occurs in TNF-α induced myocardial inflammation [6, 16].
Apoptotic cardiomyocytes were rarely seen in the heart of sham or ACF rats with or without
infliximab administration (0–3 per heart) at this early time point. However, ACF caused a
57% increase in TUNEL- positive non-myocytes vs. sham, and this was significantly
attenuated by infliximab (Figure 6, C–E).

3.6 Effects of TNF-α blockade on LV remodeling and function at 24 hours ACF
At 24 hours, TNF-α blockade had no effect on LV weight/BW, lung weight or heart rate in
shams or ACF. However, TNF-α blockade decreased LVESP in both sham and ACF rats
with no attenuation of increased LVEDP and LVEDD. LV fractional shortening and velocity
of circumferential wall shortening did not increase in ACF treated with TNF-α blockade,
despite a decrease in LVESP (Table 1).

4. Discussion
Here we show that in the VO of acute ACF in the rat, there is an intense inflammatory
response to stretch in addition to mast cell infiltration, MMP activation and collagen
degradation, all of which are mediated through TNF-α. Further, the cardiomyocyte itself is a
significant source of TNF-α in acute VO. Despite a complete abrogation of these events,
TNF-α neutralization does not improve LV remodeling and function at this early time point.

Inflammation in early ACF is previously implied by several studies which show an increase
in mast cells or several major pro-inflammatory cytokines including TNF-α, interleukin 1β
and interleukin 6 [3, 9, 18]. To our knowledge, this study is the first to demonstrate the
mechanism by which acute ACF produces an intense myocardial inflammatory response.
Given the absence of pathogens, sepsis, or ischemia/reperfusion in this model, the intensity
of this inflammatory response of the pure stretch of VO is unexpected.

TNF-α has been shown to be a potent inducer of cardiac inflammation, MMP activation and
collagen degradation in TNF-α knockout/over-expression animal models of pressure
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overload, ischemia/reperfusion, or virally-induced myocarditis, as well as exogenous
infusion of TNF-α to normal animals [5, 6, 19]. The current study demonstrates a
comparable response in acute VO, suggesting similar myocardial responses to TNF-α
regardless of etiology. Thus, the potent effect of TNF-α in early VO may in part explain the
rapid decrease in interstitial collagen, that is detected as early as 12 hours in this model [2].

Many cells types in the myocardium can produce TNF-α under stress, in particular mast
cells. As a rapid response of the host defense system, mast cells degranulate and release pre-
stored TNF-α which in turn induces further production of TNF-α and other inflammatory
factors in constitutional cells and other inflammatory infiltrates. This cascade of events
initiates and perpetuates the inflammatory response in myocardial infarction [20], ischemia/
reperfusion [21] and sepsis [22]. However, in the absence of these pathological stimuli in
VO, the stimulus for TNF-α production could be cardiomyocyte stretch alone, as manifested
by an increase in LVEDP and LVEDD in the absence of an increase in mean arterial
pressure. Stretch causes activation of the TNF-α transcription factor NF-κB and TNF-α
production in cardiomyocytes in vitro [6, 23]. Although elevated TNF-α protein is not
accompanied by increased mRNA at 24 hours, the identification of a 2- fold increase in pro-
TNF-α in ACF cardiomyocytes vs. shams strongly indicates local production of TNF-α
rather than uptake from the circulation [10]. One explanation for this discrepancy is that
TNF-α mRNA increases rapidly (within one hour) after acute stretch of cardiomyocytes [6]
and is only transiently upregulated in acute VO in vivo [24]. In addition, protein can persist
for a long time after an injury even when mRNA induction is lost. The presence of active
TNF-α with a relative abundance of pro-TNF-α within the cardiomyocytes suggests gradual
and persistent activation of pro-TNF-α after a transient induction of mRNA. However, a
later and further increase may be due to other cell types such as mast cells and fibroblast [3,
25].

Our results also show that TNF-α controls neutrophils and mast cell infiltration in early VO
of ACF. Neutrophils can cause MMP activation and collagen degradation through increased
oxidative stress or release of proteases such as cathepsin G. Indeed, we recently reported
that blockade of cathepsin G attenuates collagen degradation and cardiac cell apoptosis [15].
Furthermore, neutrophil infiltration and activation can be induced by TNF-α directly or
through the chemokine, CCL2, both of which are elevated after 24 hours of ACF.

Mast cells have been recognized as an important effector in early VO. Mast cells numbers
increase rapidly in early VO [4], however, the factors that control their differentiation and
accumulation are complex. Nevertheless, the current study demonstrates that TNF-α
mediated mature mast cell accumulation in early VO. Indeed, TNF-α is a potent
chemoattractant for mast cells in rats [8], and is required for tissue mast cell development
and survival in response to stem cell factor [26]. Collectively, these findings are in
accordance with our data suggesting that TNF- α is a major cytokine responsible for mast
cell chemoattraction and/or maturation in early VO.

Despite a complete abrogation of inflammatory events, LV remodeling and function is not
improved at 24 hours by TNF-α neutralization. This finding is understandable because we
find no adverse LV remodeling or functional changes at 24 hours of ACF in rats. It is
tempting to speculate that the abrogation of inflammation and collagen loss with TNF-α
neutralization may translate into improved function long term. However, TNF-α
neutralization also blocked the acute induction of cytokines including CCL2 and colony
stimulating factor 1, heme oxygenase 1 and osteoprotegerin, which can protect
cardiomyocytes from hypoxic stress and may be beneficial in the setting of increased
myocardial oxygen consumption in VO [27–29]. Collectively, our results suggest that TNF-
α can be detrimental or cardioprotective on cardiac remodeling and function. This
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contention is supported by a recent finding showing divergent effects of two different TNF-
α receptors (TNFR) on TNF-α mediated myocardial remodeling and inflammation, which in
the case of TNFR1 is detrimental or alternatively cardioprotective with TNFR2 [30]. The
relative level of these two receptors may vary with the stress type and disease stage, and thus
TNF-α neutralization may not be uniformly beneficial in all causes and stages of heart
failure. This may explain the recent findings that TNF-α neutralization by etanercept
initiated 3 days before or 3 weeks after creation of ACF improved diastolic dysfunction at 3
weeks or 8 weeks respectively, but only LV eccentric remodeling in the latter [31]. Taken
together, the pleitropic effects of TNF-α coupled with the potential variable expression of its
newly recognized receptors may explain the failure of clinical trials examining the efficacy
of TNF-α inhibition in Class III and IV heart failure, which included patients with stable,
late stage heart failure from both ischemic and nonischemic etiologies [3, 6, 32].

In summary, our findings demonstrate, for the first time, that stretch of VO activates
cardiomyocyte production of TNF-α which mediates an intense myocardial inflammatory
response in early VO of ACF. Whether this inflammatory response waxes and wanes or
persists throughout the course of VO is an open question. Further, TNF-α effects are
differently translated into pathophysiological outcomes through two different types of
receptors and the relative levels of the receptors may vary with disease stage. Therefore,
these emerging concepts must be explored before targeting TNF-α in the treatment of VO.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Microarray analysis and validation by qRT-PCR of 24 hour ACF
(A) Comparison of gene fold-change by microarray and qRT-PCR in 10% of the total
altered genes identified by microarray. *Refers to supplemental Table 1 for gene annotation.
(B) Correlation between expression changes by microarray vs. qRT-PCR with best-fit linear
regression line. Inset - Genes with a 1.4-2-fold change plotted for better visibility. (C)
Functional classification of genes (162) differentially expressed in ACF vs. Sham. (D)
Relative expression of TNF-α, IL-1b (interleukin 1β) and IL-6 (interleukin 6) mRNA by
qRT-PCR in ACF and sham.

Chen et al. Page 11

J Mol Cell Cardiol. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. IPA analysis of differentially expressed genes in 24 hour ACF (see Table 2)
(A) IPA network of interactive genes involved in inflammation and immune response (P <
10−56). Connecting line(s) represent known biological relation between genes. Fold-changes
and P-value derived from qRT-PCR are listed beside each gene. (B) Western blot of
phospho- and total NF-κB p65 in ACF vs. sham. Tubulin loading control. *P < 0.05 vs.
sham. (C) IPA analysis of the interaction between TNF-α and the identified gene network in
(A). Effect of TNF-α neutralization on each gene was determined by qRT-PCR (fold-change
and P-value listed beside each gene).
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Figure 3. Representative western blot of TNF-α related inflammation proteins in IPA network
Expression of (A) CCL2 (chemokine (c-c) motif ligand 2), (B) CD14, (C) SMAD7 (SMAD
family member 7) and (D) HMOX1 (heme oxygenase 1) in sham and ACF at 24 hours.
Densitometric analysis after normalization to tubulin is presented below. *P < 0.05, **P <
0.01 vs. sham.
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Figure 4. Western blot of TNF-α in LV tissue and isolated cardiomyocytes of 24 hour ACF
Pro- and active TNF-α in (A) heart lysates and (B) cardiomyocytes from ACF vs. shams.
“BL” loading dye. “+” recombinant active rat TNF-α. Densitometric analysis is presented
below. *P < 0.05, **P < 0.01 vs. sham. (C) Western blot of vimentin in cardiomyocytes and
heart lysates (positive for vimentin) to ensure the purity of cardiomyocytes. Tubulin or
calsequestrin was used as loading control.
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Figure 5. Effect of TNF-α neutralization (Infliximamb) on myocardial inflammatory response to
24 hour ACF
Number of (A) CD45+ cells, (B) neutrophils and (C) mast cells in ACF and shams with or
without infliximab was quantified. Representative images of (D) CD45+ cells (green), (E)
neutrophils with myeloperoxidase (MPO) staining (green), and (F) mast cells with Giemsa
staining (purple) were shown below. Nuclei were stained blue with DAPI. Arrowheads
indicate positively stained cells. Arrows in (E) demonstrate multilobular nuclei of
neutrophils. (G) and (H) demonstrate relative CXCL1 and CCL2 mRNA levels quantified
by qRT-PCR in ACF and shams with or without infliximab. Expression level was
normalized to GAPDH. *P<0.05, **P< 0.01 vs. sham; #P<0.05, ##P<0.01 vs. ACF.
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Figure 6. Effect of TNF-α neutralization on MMP-2, collagen and apoptosis in 24 hour ACF
(A) LV total and active MMP-2 and (B) interstitial collagen in ACF and sham rats with or
without infliximab was quantified. (C) Quantification of TUNEL-positive non-myocyte
nuclei in ACF and sham rats with or without infliximab. (D) Representative image of a
TUNEL-positive non-cardiomyocyte nucleus (green - arrowhead) (E) also nuclear stained
with DAPI (blue). Counter stain is laminin (red). *P<0.05, **P< 0.01 vs.
sham; #P<0.05, ##P<0.01 vs. ACF.
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Table 1

LV hemodynamics and remodeling 24h after ACF or sham surgery with and without TNF-α blockade

Vehicle Infliximab

Sham ACF Sham ACF

LV weight/BW, 10−3 2.4±0.06 2.4±0.06 2.5±0.04 2.5±0.06

Lung weight, g 1.3±0.04 1.3±0.04 1.2±0.04 1.2±0.05

Heart rate, beats/min 383±10 379±17 391±15 374±9

LVEDP, mmHg 2.0±0.3 6.0±1.0* 1.3±0.3† 6.1±0.7*

LVESP, mmHg 57±2 49±2* 50±2† 39±2*#

LVEDD, mm 7.0±0.1 7.8±0.2* 7.3±0.2 7.9±0.3*

LVESD, mm 4.2±0.2 3.9±0.2 4.0±0.1 4.1±0.2

LV +dp/dtmax, mmHg/s 6890±281 6834±171 6076±268 5869±368

LV -dp/dtmax, mmHg/s −6152±309 −5511±211 −5771±252 −4794±346*

LV FS, % 41±3 50±2* 45±2 48±4

LV VCFr 7.8±0.4 9.7±0.8* 7.9±0.6 8.6±0.7

n 5 5 6 5

Values are mean ± SEM.

*
P <0.05 vs. corresponding sham,

†
P <0.05 vs. untreated sham,

#
P < 0.05 vs. ACF.

BW, body weight; LVEDP, Left ventricle end-diastolic pressure; LVESP, Left ventricle end-systolic pressure; LVEDD, LV end-diastolic
dimension; LVESD, LV end-systolic dimension; FS, fractional shortening; VCFr, Velocity of circumferential wall shortening.
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