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=igure 2 : Analysis of extracted mouse genomic DNA for the determination of 
argeted disruption of the TNF a gene. a) TNF a specific primers were utilised to 
Hstinguish between wild type (lanes 1-3) and knockout (lanes 4-6) mice. b) 
~eomycin cassette specific primers (lanes 1-3) were utilised as a secondary 
ldication of TNF a disruption. c - Water control, m - marker. 
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Control Ischema IPC 

Figure 3: Infarct size assesslrent of wild type mice subj ected to, control, ischemia and IPC (protocols as 
in figure 1 ). Preconditioning the myocardium resul ted in a decrease in infarct size vmen compared to 
ischemic controls (M.OS). -. Group S.E.M 
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Figure 4: Representative sections of hearts stained with TTC following the ischemic control 
and the ischemic preconditioning protocols (see 'figure 1). Coloured regions represent viable 
tissue and colourless regions the area of infarction. 
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~Endogenous TNF a levels as a result of ischemic preconditioning. a) Perfusion 
·rotocol of IPC trigger utilised. b) Western blot of TNF a levels as a result of the IPC trigger in 
)mparison to baseline TNF a levels . a Ischemic episode - perfusion. 

42 



Univ
ers

ity
 of

 C
ap

e T
ow

n

as for TNF ex to establish their genetic background, with regards to TNF ex (fig.2). 

Initially we showed that in the TNF ex -/- mice, normoxic as well as 35 minutes of 

global ischemia, had relatively similar infarct sizes as in the wild type mice (fig.6). Our 

next step involved preconditioning the myocardium against a sustained ischemic 

insult with ischemic preconditioning. We were unable to precondition the TNF ex null 

mouse by using ischemia as a trigger (fig.6). We believed that this inability to 

precondition the myocardium via ischemia was a direct result of TNF ex being 

knocked out in this mouse. 

As we could not precondition these knockout mice, we decided to rescue their 

inability to produce TI\IF ex by giving them recombinant TNF ex (0.5ng/ml) during 

perfusion experiments (fig.7a and 7c) . TNF ex administration, in wild type mice, was 

shown to decrease infarct size by 69.4± 4.3% when compared to ischemic controls 

(fig.c). When the same protocol was applied to the TNF ex -/- mouse we could not 

protect the myocardium form sustained ischemic damage. 

This data, although not conclusive , supported the hypothesis that in these TNF ex null 

mice, the TNF ex signalling pathways may be down regulated. Therefore we 

attempted to prime the system by administering 11-1g of recombinant TNF ex i.v. 24 

hours prior to the ischemic insult (fig.7b). By combining this TNF ex injection to our 

TNF ex administering perfusion protocol (fig.7c), we were able to induce 
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Figure 6: Infarct size assessment ofTNF (J. knockout mice subjected to control (8%), ischemia (39%) and 
IPe (38%) protocols (protocols as in figure 1). IPe was not effective as a preconditioning stimulus in these 
animals (P<O.05).. S.E.M. 
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Fig.7: Preconditioning-like protection of the myocardium via TNF a administration. a)Schematic 
representation of the protocol used in artificially inducing preconditioning-like protection in the 
myocardium wild type mice. b) Protocol utilised in inducing protection via TNF a administration in 
knockout mice.1 ~g of TNF a was administered IV as a primer for protection.c) TNF a administration 
prior to global ischemia reduced the infarct sizes significantly in both wild type and knockout mice. 

-(P<O.05). c. Wild type and • knockout group S.E.M. 
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preconditioning-like protection in the knockout mouse as well, showing a 59.4± 

12.3% decrease in the size of the infarct when compared to the ischemic control 

(fig.7c). This pointed to the existence of an alternate pathway via which 

preconditioning could occur. 

b) Does preconditioning involve the Mitochondrial KATP channel? 

Activation of the mitochondrial KATP channel is thought to be an end effector of a 

preconditioning stimulus in both the rat and the rabbit heart (Baines et a/., 1999; 

Schultz R, 2001). Whether this was the case in the mouse has yet to be established. 

To determine whether the mitochondrial KATP channel played an active role in 

preconditioning we attempted to induce preconditioning-like protection using 

diazoxide, the mitochondrial KATP channel activator. In addition to this we attempted 

to abolish protection, due to ischemic preconditioning, by administering 5-HD during 

the reperfusion periods of the ischemic preconditioning protocol (fig.1). 

Administration of diazoxide (30 /lM) prior to index ischemia was shown to decrease 

the infarct size by 46.7±5.2% when compared to ischemic controls while 5-HD (100 

/lM) abolished the infarct reducing ability of ischemic preconditioning (fig .B). 

This dual approach at determining the role of the mitochondrial KATP channel allowed 

us to relate mitochondrial KATP channel activation and pieconditioning. 
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Figure 8: Pharmacological preconditioning of wild type mice. Infarct size is presented as a percentage 
of the ventricular volume in an isolated mouse heart. Perfusion protocols utilised are illustrated in 
figure 1. Diazoxide (30jlM) , the mitochondrial KATP channel activator, administration is shown to 
provide the myocardium with protection equal to that ofIPC while 5 HD (100jlM) blocked protection 
due to IPC. : c Group S.E.M. 
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e) Pharmacological Preconditioning 

As TNF a administration and not ischemia could precondition the myocardium of TNF 

a kn mice against sustained ischemia, we wondered if these knockout mice could 

also be preconditioned via the classical G,-protein coupled receptor pathway (Cohen 

et a/., 2000). 

We made use of the established preconditioning mimetic adenosine (EIY,Berne, 

1992; Kitakaze et a/., 1995; Meldrum, 1998) to induce preconditioning-like protection 

in the hearts. By administering adenosine (1 OO~M) prior to the sustained ischemia, 

we were able to confer preconditioning like protection in both the wild type and the 

TNF a -/- mouse. Infarct sizes were reduced by 68.0±10.8% and 62.0±10.5% 

respectively (fig.9). As we had previously established a putative role for the 

mitochondrial KATP channel in preconditioning, we extended the diazoxide (30 ~M) 

perfusion protocol (fig.1) to the knockout mouse. Pharmacological preconditioning 

with diazoxide restored the cardioprotective phenotype in the TNF a null mice 

reducing the infarct size by 39.4± 7.3% when compared to ischemic controls (fig.1 0). 

f) Convergence of the Respective preconditioning pathways 

Recent evidence, including our results, has implicated the mitochondrial KATP channel 

as a possible end point of preconditioning. With evidence from the knockout mouse 
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~igure 9: Pharmacological preconditioning of both wild type and knockout mice with adenosine (lOO)lM). 
\denosine administration reduced the infarct sizes in both mice significantly.(P<O.05) Wild type and 
• knockout group S.E.M. 
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Figure 10: TNF a -/- hearts were given diazoxide (30 J.!m), the mitochondrial KATP channel 
activator.This resulted in a decrease in infarct size when compared to ischemic controls. 
Symbols as in figure 7. (P<0.05). • Group S.E.M. 
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supporting the existence of two independent preconditioning signalling pathways, we 

aimed to determine whether these pathways converged at the mitochondrial KATP 

channel. 

As the preconditioning-like protection afforded by adenosine, which acts via G1-

protein coupled receptors could be abolished by 5-HD (fig.11), we hypothesised that 

if this could be repeated using TNF a as the preconditioning mimetic, then we would 

have established a link between the two pathways. Similar to all the other cases of 5-

HD administration, protection due to recombinant TI\IF a was abrogated when 

administered with 5-HD.These results indicate that both the TNF a and a Gi-protein 

coupled receptor pathways converged and resulted in activation of the mitochondrial 

KATP channel. 

g) Signal Transducer and Activator of Transcription 3 (STAT3) 

As we could establish that TNF a plays an important role in the ischemic 

preconditioning pathway, and that it activated a separate pathway to the classical G1-

protein coupled receptor pathway, we decided to look at possible signalling 

intermediates within trlis TNF a signalling pathway. 

Recent evidence has pointed to the transcription factor Signal Transducer and 

Activator of Transcription 3 (STAT 3) as to having a role in preconditioning the 

myocardium (Hattori et al., 2001; Imada,Leonard, 2000; Negoro et al., 2000). As 

STAT 3 is an integral-signalling molecule in the innate immune 
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Figure 11: Wt and TNF a -/- mice were given adenosine (100 ~M) as a preconditioning mimetic. 
Protection was blocked using the mitochondrial KATP channel blocker 5-HD (P<0.05). Symbols as in 
figure 7. :' Wild type and. knockout group S.E.M. 
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system (in which TNF ex is an apical signalling molecule), this led us to question 

whether this transcription factor was involved in the preconditioning pathway we were 

examining. To test this, we aimed to determine as to whether STAT 3 was activated 

in response to an ischemic preconditioning stimulus. STAT 3 is thought to be 

activated via phosphorylation by one of the receptor associated tyrosine kinases of 

the Janus Kinases (JAK) family (Hattori et al., 2001). 

By looking at the amount of STAT 3 tyrosine phosphorylation, we were able to show 

that in response to an ischemic preconditioning stimulus (hearts were removed from 

the rig at the end of the final reperfusion step) STAT 3 was activated (fig.12). 
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?igure 12: Representative western blot showing an increase in STAT 3 as well as phosphorylated, 
.ctivated STAT 3 (STAT 3-P) levels in hearts subjected to the control and ischemic preconditioning 

-)rotocols of fig.5a. 
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Figure 14: Generation of ventricle specific knockout mice.N - normal, T - Transgenic Cre insert, F­
Floxed STAT 3. Of note is that Cre TfTis embryo lethal due to the absence ofMLC 2V. Here no 
offspring can be Cre TfT 
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transgenic knockout mice were then bred to give us both the knockout mice as well 

as a littermate control strain (Cre N/N STAT3 F/F) (fig.14). 

b) Genotyping of STAT3 knockout mice 

At each step of the breeding process mice had to be genotyp~d as the breeding of 

STAT3 knockout mice gave rise to both the wild type and the knockout mice. 

Therefore mice had to be tested to see whether they were harbouring the Cre 

recombinase insertion as well as whether they were floxed or not. 

For this, the forward Cre primer, 5' - GTT CGC MG MC CTG ATG GAC A - 3' and 

Cre reverse primer, 5' - CTA GAG CCT GTT TTG CAC GTT C - 3' ,was used to 

determine whether the mice were Cre positive (fig.15). Besides genotyping for Cre 

recombinase, mice were genotyped for the MLC 2V gene as a positive control for the 

presence of DNA. For this the M LC 2V forward primer, 5' - GGC MC CCT CAG ACA 

CCA T - 3' and the MLC 2V reverse primer, 5' - TGT GGA GGC TCT GGA TCA GGA 

C - 3', was used (fig.15). For both, reactions were performed in 50ill volumes 

containing Mg free buffer, 4mM Mg, 100).lM dNTP's, 0.2ilM primer mixture, 1.25U 

Taq polymerase and 1.5ill DNA. The reaction mixtures were incubated at 94°C for 4 

minutes then run for 35 cycles at 94°C for 30 seconds, 60°C for 30 seconds and at 

72°C for 1 minute finishing with a 10 minute incubation at 72°C. 

To determine whether STAT3 was floxed or not, one set of primers were used 

yielding peR fragments of different lengths (fig.16). If harbouring a floxed STAT3, 

then a 250 bp fragment is seen on the gel, if STAT3 is not floxed, then a 200 bp 
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Figure 15 : Agarose gel showing Cre positive band (350 bp) as well as the control Myosin Light chain 2V 
(NILC 2V) band at 600bp. Presence of the larger MLC 2V band was used as a positive control for the 
presence of DNA. All Cre positive mice were heterozygous for Cre as loss of both MLC 2V genes resulted 
in embryo lethality. M - marker 
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Figure 16 : Agarose gel showing STAT 3 NIN mice (1-6), no flox sites inserted, heterozygous STAT 3 floxed 
mice, STAT 3 FIN (7-8) and homozygous STAT 3 floxed mice, STAT 3 F/F (9-18).C is the water control and 
M is the marker 
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