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Abstract

Introduction

Future Work

Clostridium difficile (C. difficile) is the most common cause of antimicrobial and 
hospital-acquired diarrhea, which occurs due to damage to the large intestine.  This 
damage is caused by cells committing suicide through apoptosis.  Apoptosis is 
important for immune responses, and is controlled in part by signaling molecules made 
by the immune system.  One such group of molecules are Interferons (IFNs). While it 
has been established that IFNs are important regulators of apoptosis during some types 
of infections, the production of and role of IFNs in C. difficile infection are unknown.  
We hypothesized that C. difficile infection causes expression of IFNs, and that IFNs 
regulate the expression of genes which control apoptosis.  To determine if IFNs are 
produced during C. difficile infection, C57/BL6J mice received either a “mock” 
infection or 105 colony forming units of C. difficile, before measuring the amount of 
IFNβ mRNA using real-time PCR.  Mice treated with C. difficile had elevated levels of 
IFNβ mRNA when compared to control mice.  This indicates that IFNβ is produced in 
response to C. difficile infection.   Future work will address the role of IFNβ in 
controlling the expression of genes involved in apoptosis in the large intestine during 
infection with C. difficile.     

• C. difficile infection causes damage to the large intestine, 
which is due, in part, to the programmed cell death (apoptosis) 
of the epithelial cell layer of the intestine. (2)

• Apoptosis of epithelial cells can be caused by a variety of 
stimuli, including cytokines, molecules which are important 
for the initiation and function of the immune response. (1)

• Cytokines produced during the immune response cause the 
initiation of  apoptosis thorough the regulation of the 
expression of genes which control apoptosis.

• One such group are Interferons (IFNs).  IFNs have been 
demonstrated to be important for immune response to a variety 
of infections (3), but their production and function during 
infection with C. difficile are unknown.

• We hypothesize that C. difficile infection will cause 
expression of the IFNβ gene.  Increased IFNβ
expression will up regulate expression of pro-
apoptotic genes.

To determine if IFNβ mRNA is expressed  in mice 
infected with C. difficile:

Figure 2: Summary of Experimental Scheme:  All mice were given water with the following antibiotics 
(kanamycin (0.4 mg/mL), gentamicin (0.035 mg/mL), colistin (850 U/mL), metronidazole (0.215 mg/mL), and 
vancomycin (0.045 mg/mL) )  from Day -6 to Day -3, after that mice returned to normal water. At Day -1 mice were 
given the antibiotic clindamycin via intraperitoneal injection.  Day 0 is the day that the mice were infected with C. 
difficile or were given a mock infection of PBS. Mice were infected orally through the use of gavage. We gave the 
infection 48 hours to colonize and then the mice were euthanized and their large intestines harvested. 

•C57BL6J mice were made susceptible to C. difficile infection through 
antibiotic treatment as described in Figure 2.  Mice were then received 105

C. difficile bacteria or vehicle alone by or gastric gavage. 48 h later the 
large intestine was harvested. 

•RNA was extracted from the large intestine tissue using phenol-
chloroform extraction and was converted to cDNA.  Real-time RT RCR 
was used to measure levels of IFNβ mRNA
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Figure 1: Summary of Apoptosis Pathway : Apoptosis  can be initiated by a variety of  cell damaging 
stimuli, originating either externally (extrinsic) or internally (intrinsic).  Both types of stimuli result in the 
expression of apoptosis genes, which initiate apoptosis through the activation of Capsase-3. (4)

• Repeat the real-time PCR for STAT-1 and Fas to confirm 
accurate measure of their RNA

• Measure the expression of other apoptosis genes which are 
directly responsible for the execution of apoptosis, such as 
Caspase-3, Caspase-8 and Caspase-9  
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• 48 hours of C. difficile infection did not alter the expression 
of apoptosis  gene mRNA in wild-type mice 

• IFNAR1-deficient mice  may have slightly lower basal 
expression of apoptosis genes mRNA level, this is consistent 
with the importance of IFNs in the regulation of apoptosis 
gene expression.

• C. difficile infection did not appear to lead to an increase in 
apoptosis gene mRNA in either wild-type or IFNAR1-
deficient mice 48 hours after infection. 

Figure 3: C. difficile infection increases IFNβ mRNA levels. Total RNA was 
extracted from the large intestine of mice.  2μg of RNA was reverse transcribed to 
create cDNA.  Real-time RT PCR was then used to measure the amount of IFNβ
mRNA. Data are representative of 4 mice for each condition. 

• Mice infected with C. difficile infection had increased 
levels of IFNβ mRNA  compared to control mice.

• This indicates that C. difficile infection does lead to 
production of IFNβ by the immune response.

To determine if IFNβ production during C. difficile 
infection alters the expression of apoptosis genes:

• Wild-type C57BL6J mice or IFNAR1-deficient mice were treated as previously 
described. 

• RNA was extracted from the large intestine tissue using phenol-chloroform 
extraction and was converted to cDNA.  Real-time RT RCR was used to 
measure levels of STAT1 and Fas mRNA

Figure 4: C. difficile infection increases IFNβ mRNA levels. Total RNA was 
extracted from the large intestine of mice.  2μg of RNA was reverse transcribed to 
create cDNA.  Real-time RT PCR was then used to measure the amount of  IFNβ
mRNA. Data are representative of 2-3 mice for each condition. 
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