
 NIH-3T3 murine fibroblast cells were exposed to  
C. difficile at an multiplicity of infection of 10 for 0, 
6 or 24 hours.

 RNA was harvested and purified from each 
sample, this was then used to create cDNA 
utilizing the reverse transcriptase reaction. 

 Real-time PCR was used to quantify the amount 
of iNOS and IFN-β cDNA present in each sample.

 Fold change was calculated by looking at the 
cycle at which each time point reached threshold 
(Figure 2).

Clostridium difficile is a bacteria that is commonly responsible for diarrhea and colitis. Exposure to the 
bacteria, through a combination of bacterial components and immune responses, triggers 
inflammation and cell death, resulting in damage to the large intestine. Nitric oxide has antimicrobial 
functions and immunoregulatory properties.  In addition, Nitric oxide can also trigger cell death. Nitric 
oxide is generated by Nitric Oxide Synthases, most notable of which is inducible Nitric Oxide Synthase 
(iNOS). iNOS is expressed by cells in response to microbial components and inflammatory mediators. 
One such inflammatory mediator that regulates iNOS expression are interferons (IFN). Findings so far 
indicate an increase in the inflammatory mediator interferon beta (IFN-β) in correlation with the 
immune response to C. difficile. This study seeks to determine if iNOS expression is expressed as part 
of the immune response C. difficile, if iNOS has an effect on the expression of IFN-β, and how this may 
contribute to cell death. By exposing 3T3 murine fibroblast cells to C. Difficile, expression of 
correlating genes can be measured in the presence or absense of an iNOS inhibitor (L-NMMA). From 
this a relationship between such inflammatory mediators and C. difficile infection can be determined.

Introduction

 Clostridium difficile infection causes severe inflammation of the 
colon, leading to diarrhea, abdominal pain, and fever. 

 This is caused in part by inflammation and cell death of the cells 
lining the colon, which causes tissue damage that results in such 
symptoms described.[1]

 Nitric oxide (NO) is a free radical gas 
molecule that has been suggested to play 
a role in inflammation, and is produced 
by Nitric Oxide Synthase (iNOS).[3]

 Expression of iNOS is regulated by a 
variety of inflammatory cytokines, 
including Interferons (IFNs). [4]

 The importance of IFNs and their 
regulation of iNOS in the pathogenesis of 
C. difficile mediate colitis is unknown.

A ruptured inflamed colon.[2}

Hypothesis

I hypothesize that C. difficile infection induces 
expression of IFNs, which in turn will augment 
C. difficile-induced expression of iNOS.

[IFN-β]↑  [iNOS] ↑

Figure 1. Summary of hypothesis. As cells become infected the
immune response will trigger a rise in the expression of IFNs
which will cause a rise in IFN-β.
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Figure 2. Data from a real-time PCR of IFN-β. 0 hour, 6 hour, and 24 
hour sample done in triplicate for IFN-β. It was converted from a 
linear graph to a logarithmic one. A threshold was established and 
from the obtained values, a degree in fold change in expression of 
IFN-β could be calculated.

Figure 3. Degree of fold change in expression of IFN-β and iNOS after exposure to Clostridium difficile . 
Taken from two separate cell cultures for iNOS and three for IFN-β. Cells were infected with C. difficile and 
cDNA was synthesized after lysing the cells at various time points. Real-time PCR was performed and the 
degree of fold change was established. A  T-test was performed to prove statistical significance. * indicates p 
value ≤ 0.05 vs. 0 hour control.

 Synthesize more cDNA samples, and calculate the 
fold change at various time points to confirm 
results.

 Examine how IFN-β impacts C. difficile-induced 
iNOS expression.

 Expose 3T3 cells to C. difficile in the presence of L-
NMMA to see the effect of inhibiting the iNOS 
expression induced by the immune response.

Future Work
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Results ContinuedMethods

 IFN-β was shown to have significantly increased 
at 24 hours post exposure to C. difficile. This 
increase is about 6 times more in comparison to 
our 0 hour control.

 iNOS was shown to increase extremely at 6 hours, 
becoming about 465 times higher then in 
comparison to our 0 hour control.

 iNOS expression was also shown to decrease from 
6 hours to 24 hours, yet still was about 61 times 
higher then in comparison to our control.

 Though it may appear that a relationship could 
exist between iNOS and IFN-β, much more work 
must still be done to assess the link.

Assessing the Link between Inducible Nitric 
Oxide Synthase and Clostridium difficile Infection

Aaron Phillips and Dr. Jill Fielhaber (faculty advisor)

0

1

2

3

4

5

6

7

8

9

0 6 24

E
x

p
re

ss
io

n
 o

f 
IF

N
-β

Hour After Infection

0

100

200

300

400

500

600

0 6 24

E
x

p
re

ss
io

n
 o

f 
IF

N
-β

Hour After Infection

*
*

*


