
Methods

Acknowledgements
Research reported on this poster was supported by the PSU Department of Biological 

Sciences, PSU Research Advisory Council, PSU Student Research Advisory Council, 

and an Institutional Development Award (IDeA) from the National Institute of 

General Medical Sciences of the National Institutes of Health under grant number 

P20GM103506.

Conclusions

Future Directions 

Department of Biological Sciences at Plymouth State University in Plymouth, NH

ReferencesScratch Tests Photos 

Lorna Smith, Hannah Dermako, Brandon Proulx, Isabella Kuhn and Heather Doherty PhD.

Introduction
1.Ahmed, M. S. et al. Connective tissue growth factor--a novel mediator of 

angiotensin II-stimulated cardiac fibroblast activation in heart failure in 
rats. J. Mol. Cell. Cardiol. 36, 393–404 (2004).

2.Barrett, J. C., Fry, B., Maller, J. & Daly, M. J. Haploview: analysis and 
visualization of LD and haplotype maps. Bioinforma. Oxf. Engl. 21, 263–
265 (2005).

3.Benjamini, Y., and Hochberg Y. Controlling the false discovery rate: a 
practical and powerful approach to multiple testing. Journal of the Royal 
Statistical Society B. 57, 289-300 (1995).

4.Bhangale, T. R., Stephens, M. & Nickerson, D. A. Automating 
resequencing-based detection of insertion-deletion polymorphisms. Nat. 
Genet. 38, 1457–1462 (2006).

5.Chen, M. M., Lam, A., Abraham, J. A., Schreiner, G. F. & Joly, A. H. CTGF 
expression is induced by TGF- beta in cardiac fibroblasts and cardiac 
myocytes: a potential role in heart fibrosis. J. Mol. Cell. Cardiol. 32, 1805–
1819 (2000).

6.Chuva de Sousa Lopes, S. M. et al. Connective tissue growth factor 
expression and Smad signaling during mouse heart development and 
myocardial infarction. Dev. Dyn. Off. Publ. Am. Assoc. Anat. 231, 542–550 
(2004).

7.Dean, R. G. et al. Connective Tissue Growth Factor and Cardiac Fibrosis 
after Myocardial Infarction. J. Histochem. Cytochem. 53, 1245–1256 
(2005).

8.Ewing, B., Hillier, L., Wendl, M. C. & Green, P. Base-calling of automated 
sequencer traces using phred. I. Accuracy assessment. Genome Res. 8,
175–185 (1998).

9.Ewing, B. & Green, P. Base-calling of automated sequencer traces using 
phred. II. Error probabilities. Genome Res. 8, 186–194 (1998).

10.Fernandez-Rachubinski, F., Eng, B., Murray, W. W., Blajchman, M. A. & 
Rachubinski, R. A. Incorporation of 7-deaza dGTP during the amplification 
step in the polymerase chain reaction procedure improves subsequent 
DNA sequencing. DNA Seq. J. DNA Seq. Mapp. 1, 137–140 (1990).

11.Francis, G. S., McDonald, K., Chu, C. & Cohn, J. N. Pathophysiologic 
aspects of end-stage heart failure. Am. J. Cardiol. 75, 11A–16A (1995).

12.Frangogiannis, N. G. The inflammatory response in myocardial injury, 
repair, and remodelling. Nat. Rev. Cardiol. 11, 255–265 (2014).

13.Gerritsen, K. G. et al. Plasma CTGF is independently related to an 
increased risk of cardiovascular events and mortality in patients with 
atherosclerotic disease: the SMART study. Growth Factors Chur Switz. 34,
149–158 (2016).

14.Gordon, D., Abajian, C. & Green, P. Consed: a graphical tool for 
sequence finishing. Genome Res. 8, 195–202 (1998).

15.Gordon, D. Viewing and editing assembled sequences using Consed. 
Curr. Protoc. Bioinforma. Chapter 11, Unit11.2 (2003).

16.Koitabashi, N. et al. Plasma connective tissue growth factor is a novel 
potential biomarker of cardiac dysfunction in patients with chronic heart 
failure. Eur. J. Heart Fail. 10, 373–379 (2008).

17.Milne, B. J. et al. How should we construct psychiatric family history 
scores? A comparison of alternative approaches from the Dunedin Family 
Health History Study. Psychol. Med. 38, 1793–1802 (2008).

18.Musso, M., Bocciardi, R., Parodi, S., Ravazzolo, R. & Ceccherini, I. 
Betaine, dimethyl sulfoxide, and 7-deaza-dGTP, a powerful mixture for 
amplification of GC-rich DNA sequences. J. Mol. Diagn. JMD 8, 544–550 
(2006).

19.Ohnishi, H. et al. Increased expression of connective tissue growth 
factor in the infarct zone of experimentally induced myocardial infarction 
in rats. J. Mol. Cell. Cardiol. 30, 2411–2422 (1998).

20.Sun, Y. & Weber, K. T. Infarct scar: a dynamic tissue. Cardiovasc. Res. 46,
250–256 (2000).

21.Sun, Y., Zhang, J. Q., Zhang, J. & Lamparter, S. Cardiac remodeling by 
fibrous tissue after infarction in rats. J. Lab. Clin. Med. 135, 316–323 
(2000).

22.Yang, F. et al. Myocardial infarction and cardiac remodelling in mice. 
Exp. Physiol. 87, 547–555 (2002).

WT

G1355T

T1309C

Hour 12 Hour 18 Hour 24

A

A

Scratch Test Quantification

Figure 1: A-D) Cells with no genetic variant, wild type (WT). E-H) Cells with G1355T variant. I-L) Cells with the G560T variant. M-P) Cells with the T1309C variant. The sample size is n=3 for each variant at 

each time point, and the experiment was run once. Representative pictures are shown. 

Results: The genetic variants and WT all show an increase in wound closure over a 24 hour period. Cells containing the T1309C and G560T genetic variants appear to show greater cell migration into the 

wound area at the hour 12 time point. At hour 24 all images show strong cell migration into the wound area with variants T1309C and G560T showing the greatest wound closure.

Every year in the United States, 1 in 4 people are affected by heart 

disease. During a heart attack, tissue in the heart becomes damaged, 

resulting in an inflammatory response in the wound. After damage 

occurs, cells migrate into the wound area and begin to express 

Connective Tissue Growth Factor (CTGF). CTGF is a gene involved in 

healthy wound healing by laying down extracellular matrix (ECM) and 

structural proteins including collagen and fibronectin. When CTGF is 

overexpressed, excess ECM is deposited into the wound area resulting in 

scarring. Genetic variants are base pair changes in the DNA that can affect 

both the form and function of a gene. It is hypothesized that the 

overexpression of CTGF is impacted by genetic variants, leading to the 

overproduction of ECM and scar tissue.

Three genetic variants were chosen for further study: G560T, 

T1309C, and G1355T. In order to observe the effects of these variants on 

scarring, a scratch test was performed to mimic a wound and closure rate 

was measured. The variants G560T and T1309C were predicted to show 

more rapid wound closure and G1355T was expected to show slower 

wound closure. Understanding the effects of variants on wound closure 

rates could have significant impacts on treatment such as personalizing 

patient care and increasing quality of life after a heart attack.

• Continue to gather larger sample sizes for further statistical 

analysis

• Decrease standard error by improving experimental 

techniques

• Differential wound closer between variants could provide 
the tools for physicians to personalize treatment 

• Differences in wound closure rates provides a better 

understanding of CTGF genetic variants 
• CTGF mutations could influence the fibrotic risk and 

therefore heart failure
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Cells and Maintenance

ATCC NIH/3T3 cells were used for all experiments and maintained in DMEM 

with 10% FBS at 37°C and at 5% CO2.

Transfection

Cells were treated with three genetic variants G560T, T1309C, and G1355T. 

A WT, or normal, version of the CTGF gene was also used as a control and 

compared against for statistical analysis.

Wound Healing Assay

Each genetic variant was plated into three wells, allowing for replicability. A 

p100-1000 pipette tip was dragged directly across the well plate containing 

cells creating a wound area. The cells were photographed at 0, 12, 18, and 

24 hours. Images were taken using a Motic inverted light microscope (AE 

2000) at a magnification of 40x and a Moticam v3.0 camera using Motic 

Images Plus (v2.0)

Statistical Test 

Migration of cells were measured at 0, 12, 18, and 24 hours using the 

pictures taken at each time point. The mean values for percentage wound 

closure were tested for statistical differences using a two-way ANOVA with 

replication with a p-value of < 0.05 being considered significant.  
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Figure 2: Percent wound closure for 12, 18, and 24 hours after a scratch compared to the scratch test 

at hour 0 and the relative scratch width. The sample size is n=3 for each genetic variant and the 

experiment was run once. The error bars are represented by the standard error of the mean. 

Results: Cells with no genetic variant WT showed an 84% wound closure over a 24 hour period. Cells 

transfected with the G1355T, G560T, and T1309C genetic variants had a wound closure rate of 

94.5%, 100%, and 100% over a 24 hour period.  A two-way ANOVA with replication gave a 

statistically significant p-value for differences between genetic variants (p=0.04). 
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