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Abstract

Cardiotrophin-1 (CT-1) was identified as a growth factor for cardiac myocytes, and CT-1 protects
myocytes from cell death. Adult CT-1-/— mice exhibit neural deficits including the loss of
preganglionic sympathetic neurons, but their autonomic and cardiac parameters have not been
examined. We used these mice to determine if the absence of CT-1 or loss of preganglionic
sympathetic input altered heart rate, left ventricular pressure, cardiac contractility (dP/dt), or cell
death following ischemia-reperfusion. Basal heart rate was increased in CT-1—/— mice, and this
difference was abolished by ganglionic block. Left ventricular pressure and dP/dt were unchanged.
Dobutamine stimulated similar increases in heart rate and dP/dt in both genotypes, but ventricular
pressure was significantly lower in CT-1 nulls. Cardiac expression of interleukin-6 (IL-6) MRNA
was increased significantly in CT-1 null mice, while leukemia inhibitory factor (LIF) mRNA was
unchanged. Infarct size normalized to area at risk was no different in CT-1 —/— mice (33.8+1.0 %
vs. 37.7+3.2 % WT) 24 hours after ischemia-reperfusion. Induction of IL-6 mRNA after infarct was
significantly abrogated in CT-1 null mice compared to wild type mice, but LIF mRNA induction
remained significant in CT-1 null mice and might contribute to cardiac protection in the absence of
CT-1.
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1. Introduction

Cardiotrophin-1 (CT-1) is a cytokine originally identified for its ability to stimulate cardiac
myocyte hypertrophy in vitro [1,2]. CT-1 is part of a larger family of cytokines that includes
Interleukin-6 (IL-6), Leukemia Inhibitory Factor (LIF), Ciliary Neurotrophic Factor (CNTF),
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Oncostatin-M (OSM), Interleukin-11 (IL-11), Cardiotrophin-Like Cytokine (CLC), and
Neuropoietin/Cardiotrophin-2 (NP/CT-2). All of these cytokines share the common signaling
receptor gp130. IL-6 and IL-11 use a gp130 homodimer, while the other family members
activate a heterodimer composed of gp130 and the LIF receptor (LIFR) (reviewed by [3-5].

Several lines of evidence suggest that CT-1 and related cytokines play a critical role in cardiac
development and injury response. CT-1 is expressed in the developing heart tube and supports
the survival of cardiac myocytes [6-9]. Mice lacking gp130 die during embryogenesis and
exhibit severe ventricular hypoplasia [10], while ventricular wall thickness is diminished in
mice lacking postnatal expression of gp130 [11]. The absence of CT-1 during development
does not generate the lethal cardiac malformations seen in mice lacking gp130 [12], but heart
size and cardiac function have not been examined in these mice. Exogenous CT-1 prevents
cell death during and after cardiac ischemia-reperfusion, resulting in decreased infarct size
[9,13,14], while endogenous CT-1 and the gp130 receptor are elevated significantly following
myocardial infarction [15,16]. These data suggest that endogenous CT-1 plays an important
cardio-protective role following ischemia-reperfusion, but the role of endogenous CT-1 in
cardiac protection has not been tested directly.

Although mice lacking CT-1 do not develop severe cardiac malformations, they exhibit a
significant loss of at least two classes of neurons. The absence of CT-1 results in the loss of a
subset of motoneurons [12,17], and in a decreased number of preganglionic sympathetic
neurons [18]. Other related cytokines are involved in supporting motoneuron survival and
function [17], but CT-1 appears to be the only cytokine required for the survival and
maintenance of preganglionic sympathetic neurons [18]. Postganglionic sympathetic neurons
projecting to the heart increase heart rate, ventricular pressure, and contractility through
activation of cardiac beta receptors. Thus, cardiac function in CT-1 null mice could be altered
by direct effects on the heart or by the loss of sympathetic transmission.

It is not known if the absence of CT-1, or the subsequent loss of preganglionic sympathetic
neurons, alters cardiac function or injury response in adult mice. The aim of this study was to
determine if the lack of CT-1 altered cardiac function, cardiac autonomic control, or infarct
size after acute myocardial infarction, and to investigate potential compensation by related
cytokines.

2. Materials and Methods

2.1 Animals

CT1-/- mice are fertile [12], and were maintained as homozygous nulls, with C57BI/6J used
as wild type controls.

2.2 Heart weight

Hearts were excised and trimmed of the great vessels and blood was rinsed out of the chambers.
The whole heart was weighed and then the atria were removed and the ventricles weighed.
Heart weights were compared to body weight of the animals and tibia length. Tibias were
cleaned of muscle and connective tissue and measured with calipers.

2.3 Real-Time PCR

Hearts were harvested 24 hours after ischemia-reperfusion and stored immediately in

RNAlater. RNA was isolated from the left ventricles using the Qaigen RNAeasy mini kit. Total
RNA was quantified by OD260, and 200 ng of total RNA was treated with DNase and reverse
transcribed. Each reverse transcription reaction was tested by regular PCR to confirm reverse
transcription (RT), and an RNA alone control was included for each sample to test for genomic
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DNA contamination. Real-time PCR was performed with the ABI TagMan Fast Universal PCR
Master mix in the ABI 7500, using ABI pre-validated TagMan gene expression assays for
mouse IL-6, LIF, neuropoeitin/cardiotrophin-2, and actin as an internal control. For the PCR
amplification, 2 pl of RT reactions were used in a total volume of 20 pl, and each sample was
assayed in duplicate. Cytokine mRNAs were normalized to actin mRNA in the same sample.
Post-infarct cytokine/actin mRNA ratios were compared to unoperated controls of the same
genotype to determine the fold-increase following ischemia-reperfusion. Control and post-
infarct samples of both genotypes were assayed together. Ischemia-reperfusion did not regulate
the expression of actin mRNA (data not shown).

2.4 In situ mouse model of myocardial ischemia-reperfusion

[19] Adult mice were placed in an induction chamber and anesthetized with 4% isoflurane.
Once an animal was unconscious it was given pentobarbital 30 mg/kg body weight IP. Animals
were placed on a heating pad, the fur on the chest and ventral neck was removed using Nair
hair remover, and the skin was wiped with saline and betadine. Mice were intubated,
mechanically ventilated, and maintained with 1-2% isoflurane mixed with 100% oxygen
(approximately 0.2L/min). End tidal CO, was continuously monitored to verify adequate
minute ventilation. Core body temperature was monitored by a rectal probe and maintained at
~37°C, and a 5-lead ECG was monitored throughout the surgery and experimental protocol
using a PowerLab data acquisition system (ADInstruments, Inc., Colorado Springs, CO) on a
Macintosh ibook G4.

The mouse was turned to a right lateral decubitus position and a thoracotomy performed in the
2"d or 3" intercostal space with the aid of a dissecting microscope. A ligature (8-0 nylon mono-
filament or equivalent on a taper needle) was placed around a proximal segment of the left
anterior descending coronary artery and the ends of the suture were passed through a tube
(PE10) with a blunted end to prevent tissue damage. The ligature was tightened to induce
regional myocardial ischemia, which was confirmed by ECG changes, regional cyanosis, and
wall motion abnormalities. After 45 minutes the coronary ligature was released, and
reperfusion confirmed by visible epicardial hyperemia. The ligature was left in place for re-
occlusion to delineate risk size. As soon as reperfusion was verified the chest was closed in
layers. A small catheter was left in the thorax for 10-20 min to evacuate air and fluids. The
mice were then removed from the ventilator, and repositioned every 30 min until able to
maintain sternal recumbency (usually less than 15 min). Mice were then returned singly to a
cage and the cage was placed half on and half off a heating pad for 30 min before being returned
to the animal room.

All surgical procedures were performed under aseptic conditions. All procedures were
approved by the Institutional Animal Care and Use Committee, and comply with the Guide for
the Care and Use of Laboratory Animals published by the US National Institutes of Health
(NIH publication No. 85-23, revised 1996). Control animals did not undergo any surgical
procedures.

2.5 Heart rate, LVP, dP/dt

Mice were sedated with isoflurane, placed in supine position on a heating pad, and ECG leads
connected to monitor heart rate. After basal heart rate was determined, mice were intubated
with the outer sheath from a 22G angiocath, and placed on a rodent ventilator. A microtipped
pressure transducer (1.4 French, Millar) was inserted into the right carotid artery and advanced
into the left ventricle for measurement of left ventricular pressure using a PowerLab data
acquisition system. Left ventricular pressure, dP/dt, and heart rate were analyzed using Chart
software v5.4. When the animal was stable it was given hexamethonium chloride (5 mg/kg IP)
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to abolish autonomic reflexes [20]. A small polyvinyl catheter was placed in the left jugular
vein for dobutamine administration (20 pug/kg/min for 3 min.).

2.6 Area at risk and infarct size

Twenty-four hours after the onset of reperfusion, the mice were placed in an induction chamber
and anesthetized with 4% isoflurane. Once unconscious, mice were given pentobarbital 30 mg/
kg body weight IP, placed on a heating pad, re-intubated, and the chest cavity re-opened at the
site of the initial incision. The coronary artery was then re-occluded and fluorescent particles
(1 mg/ml in saline; Duke Scientific #34-1, 2-8 um size) were infused through a polyethylene
catheter (PE10) with a 30-gauge needle tip in the left ventricle of the heart. Microspheres were
infused at a rate of 300 pl/min for 5 minutes to delineate the area at risk. After 2 minutes of
infusion the abdominal aorta was cut to release the pressure from increased blood volume
preserving the coronary capillary beds. The heart was then excised for infarct size analysis,
and cut into transverse slices 1 mm thick using a cutting block. Both sides of the slices were
photographed under UV light, and the captured images were saved in Photoshop for
measurement of area at risk. The slices were then placed in 2,3,5-triphenyl-tetrazolium chloride
solution (TTC, 1% w/v in sodium phosphate buffer at 37°C, pH 7.4) for 20 minutes. The
staining procedure was carried out in the dark to prevent breakdown of the TTC by light. The
slices were then placed in 10% neutral buffered formalin for approximately 10 minutes to
increase the contrast between stained and unstained tissue. Myocardium that did not stain red
was presumed to be infarcted. Both sides of each 1 mm section were photographed under white
light, and images saved in Photoshop. Risk and infarct areas (mm?2) for each slice were traced
and digitized. The volume (in mm3) of myocardium at risk and infarcted myocardium was
calculated from the measured areas and slice thickness. Infarct size was normalized as
percentage of the area-at-risk. All infarct size analyses were performed in a blinded fashion by
two people. The coefficient of variance between the two independent analyses ranged from
0.7-9%, and averaged 6.0+£0.8%. The data presented are the average of the two independent
determinations of infarct/risk.

CT-1is expressed in the developing heart tube and may be crucial for promoting the survival
and hypertrophy of cardiac myocytes during development. If that is the case, one would expect
the hearts from adult CT-1 null mice to be smaller than wild type hearts. We found no difference
heart weight, or the ratios of heart weight to body weight or heart weight to tibia length (Table
1), between CT-1 —/—mice and wild type controls. Likewise, the ratios of bi-ventricular weight
to body weight or tibia length did not differ between genotypes. These data suggest that the
absence of CT-1 is not sufficient to replicate the decreased heart size observed in the absence
of gp130.

CT-1is part of a larger family of cytokines that utilize the gp130 receptor and have overlapping
functions. Therefore, upregulation of related cytokines might compensate for the loss of CT-1
during cardiac development. The CT-1 related cytokines LIF and IL-6 are expressed in the
heart and might compensate for the loss of CT-1. In addition, NP/CT-2 was identified recently
as agpl30 family member that is expressed at high levels during embryogenesis [21]. We used
real-time PCR to quantify LIF, IL-6 and NP/CT-2 gene expression in adult heart to determine
if these cytokines were elevated in CT-1 null mice compared to wild type mice. NP/CT-2
mRNA was not detected in adult heart, although it was amplified from embryonic brain positive
control tissue (data not shown). LIF and IL-6 mMRNAs were detected in the adult left ventricle,
and IL-6 gene expression was elevated approximately 5-fold in CT-1 null mice (Fig. 1A). This
suggests that upregulation of 1L-6 compensates for the absence of CT-1 during development.
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Cardiac function was largely normal in CT1—/— mice. Basal heart rate was increased modestly
in CT-1 —/— compared to wild type mice (WT, 486+9.3; CT-1 —/—, 519.5£10.5; mean£sem,
n=5; p<0.05), but ganglionic block (Figure 1) or insertion of the pressure probe into the left
ventricle (Table 2) abolished the difference in heart rate between genotypes. Insertion of a
pressure probe into the left ventricle increased heart rate in both genotypes (Table 2). Left
ventricular pressure (LVP) and cardiac contractility (dP/dt ) were unchanged in CT-1 —/—
compared to wild type mice (Table 2).

The absence of CT-1 might result in subtle changes in ventricular pressure and cardiac
contractility that are not apparent under basal conditions, but are visible upon stimulation of
the heart. To test this, hexamethonium (5 mg/kg) was administered to block ganglionic
transmission, and the f agonist dobutamine (20 pg/kg/min) was infused for 3 minutes to directly
stimulate cardiac function. Heart rate following dobutamine treatment did not differ
significantly between genotypes (Figure 1A), but average left ventricular pressure (Figure 1C)
was decreased slightly in CT-1 —/— mice compared to wild type mice (CT1, 95+1; WT, 104+4
mm Hg, meanzsem, p<0.05). This did not correspond to altered cardiac contractility, since dP/
dtpmax and dP/dtyy N were indistinguishable between genotypes before and after stimulation
of cardiac B receptors (Figure 1B, D).

Infusion of exogenous CT-1 protects cardiac myocytes from apoptosis following ischemia-
reperfusion [9,13,14], and endogenous CT-1 and gp130 are elevated in the heart after ischemia-
reperfusion [15]. These date suggest a role for endogenous CT-1 in cardiac protection following
injury that is distinct from a developmental role. To determine if the loss of endogenous CT-1
increased cell death following ischemia-reperfusion, area-at-risk and infarct size were analyzed
in wild type and CT-1 null mice 24 hours after surgery. Surprisingly, the lack of endogenous
CT-1 had no effect on infarct size relative to area at risk. In both genotypes, 45 minutes of
ischemia followed by 24 hours of reperfusion resulted in an infarct encompassing
approximately 30-40% of the area at risk (Figure 3). The absolute risk volume was not
significantly different between the groups: WT, 35.2+ 4.5 mm3 (mean + SE, n=7); CT1-/-,
38.0 + 4.3 mm3 (mean + SE, n=6). Although exogenous CT-1 decreases cell death after
ischemia-reperfusion, our data indicate that the absence of endogenous CT-1 has no significant
effect on infarct size during the first 24 hours after ischemia-reperfusion.

The cytokines LIF and IL-6 are also elevated in the heart following myocardial infarction
[22-26], and compensatory upregulation of these cytokines might protect heart cells in the
absence of CT-1. Similarly, NP/CT-2 might be induced following ischemia along with other
embryonic genes. Therefore, we used real-time PCR to quantify LIF, IL-6 and NP/CT-2 gene
expression in the left ventricle from unoperated and post-infarct wild type and CT-1—/— mice.
NP/CT-2 mRNA was not detected in the left ventricle 24 hours after ischemia-reperfusion (data
not shown), but LIF and I1L-6 mRNA were present in both wild type and CT-1 null mice.
Surprisingly, the post-infarct induction of LIF and IL-6 mMRNA was impaired, rather than
enhanced, in CT-1 null mice (Fig. 4). In wild-type mice cardiac IL-6 mMRNA was induced 154-
fold following ischemia-reperfusion compared to wild type unoperated mice (154+17.2 fold
increase, mean+sem, n=3). Although basal levels of IL-6 mMRNA were elevated in CT-1 null
mice (Fig. 1), ischemia-reperfusion triggered only a 2.3 -fold increase in IL-6 mRNA compared
to unoperated CT1—/— controls (Fig. 4) (fold induction CT1—/— mice: control, 1+0.1, Mean
SE, n=3 vs. post-infarct, 2.3+0.52 Mean + SE, n=3; t-test p=0.06). LIF gene expression was
increased significantly in CT-1 null mice after infarct (fold induction CT1—/— mice: control, 1
+0.24 vs. post-infarct 7.4+0.6, Mean = SE, n=4, p<0.05), but not to the same extent as in wild
type mice (fold induction wild type: control, 1+0.15, n=4 vs. post-infarct 13.7+1.4, n=3, Mean
* SE, p<0.05). These data confirm that the absence of CT-1 alters expression of related
cytokines, but reveal unexpected changes in IL-6 and LIF mRNA expression.
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4. Discussion

The major findings of this study are that the absence of endogenous CT-1 does not decrease
heart weight, alter cardiac contractility, or increase infarct size following acute ischemia-
reperfusion. The lack of CT-1 resulted in a small decrease in left ventricular pressure that was
only observed following dobutamine stimulation, and a small increase in basal heart rate that
disappeared after ganglionic block, implicating altered pre-ganglionic transmission rather than
a direct effect on the heart. Cardiac IL-6 mRNA was elevated in CT-1 null mice while LIF
mMRNA was not. Post-infarct induction of IL-6 mRNA was impaired in mice lacking CT-1, but
induction of LIF mRNA remained significant.

CT-1 was identified based on its ability to promote hypertrophy in cardiac myocytes [1]. Mice
lacking the CT-1 receptor component gp130 die during embryogenesis due in part to severe
ventricular hypoplasia [10], and ventricular wall thickness is also diminished in mice lacking
postnatal expression of gp130 [11]. The phenotype of gp130 knockout mice, coupled with the
expression of CT-1 in the developing heart tube [6], suggested that CT-1 was the gp130 ligand
important for cardiac growth and development (reviewed by [27]). CT1 deficient mice are
viable and have a normal lifespan, however, suggesting that there are no gross changes in
cardiac development [12]. Our data confirm this, indicating that the ratios of heart weight or
bi-ventricular weight to body weight or tibia length are similar in CT-1 null mice and wild type
mice. Together these data suggest that another gp130 cytokine compensates for the loss of
CT-1 during cardiac development.

Functional redundancy is common within the gp130 family of cytokines [3], so we examined
the expression of related cytokines to determine if they were increased in CT-1 null mice. Mice
lacking LIF [28,29] or the LIF receptor (LIFR) do not have an obvious cardiac phenotype
[30]. This suggests that LIFR-independent members of this cytokine family are sufficient to
support normal cardiac development. We found that mRNA encoding IL-6, which signals
through a gp130 homodimer, was elevated almost 5-fold in CT-1 null mice. IL-6 alone has
little effect on cultured cardiac myocytes [6], but adding soluble IL-6R together with IL-6
stimulates cardiac hypertrophy in vitro [2] and in vivo [31]. A soluble form of the IL-6R is
present in plasma, raising the possibility that IL-6 interacts with soluble IL-6R during
development to compensate for the absence of CT-1 during development and in the adult heart.

The CT-1 related cytokine Neuropoietin/Cardiotropin-2 was identified recently as a gp130
family member that is expressed at high levels during embryogenesis and not present in adult
tissues [21]. NP/CT-2 shares a greater degree of similarity with CT-1 than any of the other
gp130 family members, and its robust expression during embryogenesis makes it an interesting
candidate to compensate for the loss of CT-1 during development. Although we cannot exclude
the possibility that NP/CT-2 compensates for the absence of CT-1 during development, no NP/
CT-2 mRNA was detected in the left ventricle of adult WT or CT-1-/- hearts before or after
ischemia-reperfusion.

Infusion of exogenous CT-1 into adult animals provokes an acute decrease in blood pressure
that stimulates a reflex increase in heart rate [32—-34]. These acute effects of CT-1 do not include
any changes in ventricular pressure or cardiac contractility. In contrast, chronic infusion of
CT-1 for a week increases left ventricular pressure and dP/dtyax With no effect on heart rate
[13]. We expected that the chronic absence of CT-1 might result in decreased ventricular
pressure and dP/dtypax, given the increases in these parameters following chronic CT-1
administration. There was no change, however, in left ventricular pressure or dP/dtpax in mice
lacking CT-1 under basal conditions or after ganglionic block. The only differences in cardiac
function observed in CT-1 null mice were a modest increase in basal heart rate and a small
deficit in left ventricular pressure following stimulation with the  agonist dobutamine.
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The increased heart rate observed in CT-1 nulls was surprising due to their deficit in
preganglionic sympathetic neurons [18]. Sympathetic transmission stimulates heart rate and
cardiac contractility through the release of norepinephrine [35], and the amount of
norepinephrine release in the heart is regulated by the activation of sympathetic pre-ganglionic
nerves [36,37]. Therefore, a 20% loss in preganglionic inputs to cardiac sympathetic neurons
would be expected to either decrease heart rate or cause no change. A larger (50%) loss of pre-
ganglionic projections to the adrenal medulla in CT-1 null mice did not result in decreased
norepinephrine or epinephrine production [18], however, suggesting that other compensatory
processes bring neurotransmitter synthesis to normal levels. Compensatory changes in
norepinephrine production and cardiac nerve activity might account for the increased basal
heart rate that disappears upon ganglionic block.

Perhaps the most surprising result of our study is that the lack of endogenous CT-1 does not
lead to increased infarct size following acute ischemia-reperfusion. CT-1 protects cardiac
myocytes from cell death both in vitro and in vivo [6-9,38]. CT-1 is elevated in the heart and
plasma within 24 hours of myocardial infarction [15,16,39], and addition of exogenous CT-1
decreases infarct size whether it is added before ischemia or during reperfusion [9]. It seemed
likely that the absence of CT-1 would be detrimental and increase infarct size. However, no
difference in infarct size relative to area at risk was observed 24 hours after ischemia-
reperfusion in mice lacking CT-1 compared to wild type mice. Although differences might
appear over a longer time frame, these acute data raise the possibility that other cytokines
compensate for the absence of CT-1 during ischemia-reperfusion.

LIF, IL-6, and IL-6R protein are elevated in cardiac myocytes following myocardial infarction
[22-24,26]. These cytokines prevent apoptosis and stimulate cardiac hypertrophy in a manner
essentially indistinguishable from the actions of CT-1. All three cytokines stimulate myocyte
hypertrophy through activation of the Jak-STAT (Signal Transducers and Activators of
Transcription) pathway, and prevent apoptosis through activation of ERK1/2 (Extracellular
signal Regulated protein Kinases 1 & 2) and the phosphatidylinositol 3-OH kinase (P13 kinase)/
Akt pathways [7-9,40-44]. LIF is elevated to a greater degree after infarct in mice lacking
IL-6 compared to wild type mice [42], and we expected that one or both of these cytokines
would be elevated to a greater extent after ischemia-reperfusion in CT-1 —/— mice than in
control mice. Contrary to our expectations, induction of IL-6 mMRNA was significantly
abrogated in CT-1 null mice and induction of LIF mRNA was lower than in wild type mice.
Post-infarct induction of LIF mRNA remained significant, however, and may provide a
compensatory mechanism for protection of cardiac myocytes in the absence of CT-1. Although
we did not quantify protein levels, previous studies found that the increase in cytokine mRNA
after ischemia-reperfusion is accompanied by elevated cytokine production [22,24,25]. The
receptors for these cytokines are also elevated in the heart after ischemia-reperfusion [15,22].
Since infarct size is similar in CT-1 null mice and wild type mice, increased expression of LIF
and its receptors may be sufficient to protect cardiac myocytes from cell death in the absence
of CT-1.

The gp130 cytokine family is characterized by functional redundancy, and the phenotypes of
mice lacking individual cytokines [12,17,28,29,45] are much less severe than the phenotypes
of mice lacking their shared receptors [10,30,46]. Nonetheless, the early and robust expression
of CT-1 in the developing heart tube, and the sustained expression of CT-1 in the adult heart,
suggested that CT-1 played a unique role in promoting cardiac myocyte survival and
hypertrophy during development and after injury. Although CT-1 is important for the
developmental survival of a subset of motor neurons and preganglionic sympathetic neurons,
our data indicate that the loss of preganglionic neurons does not lower heart rate, and the
absence of endogenous CT-1 does not significantly alter cardiac function or infarct size. Further
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studies will be required to understand fully the compensatory mechanisms that promote
myocyte survival and development in the absence of CT-1.
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Figure 1.

LIF and IL-6 mRNA in left ventricle. IL-6 (A) and LIF (B) mRNASs were quantified by real-
time PCR in the left ventricles of wild type (WT, filled bars) and CT-1—/— mice (clear bars).
Cytokine mRNAs were assayed in duplicate and normalized to actin mRNA in the same
sample. Data shown are Mean + SE (n=5 WT, n=7 CT1-/—, * p< 0.05, t-test).
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Figure 2.

Dobutamine challenge. Heart rate and cardiac function were measured in anesthetized wild
type (squares, n=4) and CT-1 null mice (circles, n=5) following ganglionic blockade. No
significant differences were detected in basal or stimulated heart rate (A), dP/dtyax (C), or
dP/dtypn (D). Basal left ventricular pressure (LVP) did not differ between genotypes, but
average LVP following dobutamine challenge was significantly lower in CT-1 —/— mice (*
p<0.05, unpaired t-test). The data shown are Mean £ SE. (E, F) Representative LVP trace from
a single WT (E) or CT1-/— (F) mouse during dobutamine administration. Black arrowheads
mark the beginning of dobutamine infusion, and gray arrowheads mark the end.
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Figure 3.

Infarct size compared to area at risk. A) Area at risk (left) and Infarct (right) in a representative
section. The area at risk (“Risk”) is devoid of fluorescent microspheres, while the infarct is
yellow/white following TTC staining. Scale bar is 1.25 mm. B) Infarct and risk were quantified
24 hours after ischemia-reperfusion. Horizontal lines represent the mean values of each group.
Mean + SE: WT, 37.7+ 3.3, n=7; CT-1 —/—, 33.8+ 1.0, n=6 (p=0.3, t-test).
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Figure 4.

Post-infarct LIF and IL-6 mRNA in left ventricle. IL-6 (A) and LIF (B) mRNAs were quantified
by real-time PCR in the left ventricles of wild type (WT) and CT-1-/— mice 24 hours after
ischemia-reperfusion (MlI). Cytokine mRNAs were normalized to actin mRNA in the same
sample, and graphed as fold increase relative to unoperated controls of the same genotype. A)
IL-6 is increased significantly after M1 in WT mice (* p<0.001), but not in CT1—/— mice (Mean
+ SE, n=3 or 4). Data are presented as fold increase (shown in brackets) compared to control
levels for each genotype. B) LIF is increased significantly after M1l in WT mice (* p<0.05,
Mean + SE, n=3 or 4), and in CT1—/— mice (*p<0.05; Mean * SE, n= 4). Data are presented
as fold increase compared to control levels for each genotype (see Fig. 1 for control values).

Cytokine. Author manuscript; available in PMC 2007 October 1.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Gritman et al.

Table 1

Heart weight/body weight comparison (Mean * SE)
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Wild Type CT-1-/-
(n=5) (n=8)
HW (mg) 134+3.3 139+3.7
BW (g) 29.2+0.2 283+1.0
HW/BW (mg/g) 46+0.1 4.93+0.12
BVW/BW (mg/g) 44+02 43+03
BVW/TL (mg/mm) 6.8+0.2 71402

HW= heart weight; BW= body weight; BVW= bi-ventricular weight; TL= tibia length
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Table 2
Baseline hemodynamic parameters before ganglionic block (Mean + SE)
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Wild type CT-1-/-
(n=4) (n=5)
HR (beat/min) 580.5+9.1 584.8+3.9
LVP (mm Hg) 107.4+33 102322
dP/dty,ax (MmMHg/s) 8171 £ 762 7704 + 483
dP/dty,,n (MmHg/s) —7004 + 502 —6459 + 516

HR, heart rate; LVP, left ventricular pressure; dP/dt\p A X, maximal rate of pressure development; dP/dt\ N, maximal rate of pressure decay
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