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Abstract 

Background and significance:  The rapidly aging population increases the incidence of 

age-related disease. Biological age can be accelerated by factors, such as smoking and poor diet.  

Telomeres, which cap ends of chromosomes, are markers of biological aging. Critically short 

telomeres induce cellular replicative senescence.  Senescent cells are not capable of regeneration 

and are associated with many human age-related diseases; therefore, it is beneficial to develop a 

related assay for use in aging rat models.  

Purpose: The purpose of this study is to develop an assay to measure telomere length in 

rat cells as a marker of biological age.  

Methods and results:  This study was performed using endothelial cells from the lungs of 

young (3 month) and old (24 month) Fischer 344 rats at PD4 and PD3, respectively. Telomere 

length in young rat cells was longer compared to old rats (p < 0.05; Students t –test).  Cells from 

were then cultured sequentially to age cells and the modified protocol was again employed. 

Analysis by two-way ANOVA of telomere length showed significant differences (p < 0.01) 

between rat age, extent of sequential sub-culturing, and interaction effects.  These results support 

successful modification a human telomere length assay for use in aging rat studies. 
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Chapter 1: Introduction 

 Measurement of Telomere Length in Rat Endothelial Cells: 

Modification of a Technique used in Human Mononuclear Cells 

Introduction 

 The elderly is a rapidly growing population (Stanhope & Lancaster, 2008) and 

therefore, the prevalence of age-related diseases is of concern to nurses.  Telomeres are 

repeating DNA sequences at the end of chromosomes that have protective chromosomal 

functions and shorten with each cell replication. Shortened telomeres have been shown to 

contribute to the onset of age-related diseases (Lin & Yan, 2005). Sufficient telomere 

shortening causes cells to reach replicative senescence, or irreversible growth arrest.  In 

addition, studies have shown that in cases of chronic inflammation, such as emphysema, 

replication occurs more frequently, thereby accelerating replicative senescence and 

telomere shortening (Tsuji, Aoshiba, & Nagai, 2006). Essentially, telomeres dictate the 

replication potential, lifespan, and age of a cell.   

Telomere length assessment is a useful tool for assessing the biological age of 

cells. In addition, telomere length assessment holds premise for determining clinical 

diagnoses and prognoses. Rats are frequently used as models for studying human disease 

when human use is unethical. Therefore, modifying a human telomere assay to work 

efficiently in rats would be a useful tool in studying phenomena relevant to human health.   

Purpose Statement and Objectives 

 The purpose of this study is to develop a reliable and valid assay to measure 

telomere length in rat endothelial cells as a marker of biological age.  The specific 



        

 

8 

objectives addressed were to: 1. Modify an existing assay used to measure telomere 

length in human mononuclear cells to measure telomeres in rat endothelial cells  

2. Determine if the modified assay is sensitive enough to detect telomere shortening in 

cells from aged rats and 3. Determine if the modified assay is sensitive enough to detect 

telomere shortening in cells that are sequentially sub-cultured in the laboratory.   

Relevance to Nursing 

 The elderly is a rapidly growing majority of the population.  In addition, lifestyle 

factors such as tobacco and alcohol use can accelerate the aging process. A thorough 

patient history, including habits of lifestyle, is pertinent to identifying and ensuring 

optimal patient care. It also identifies body systems that may be vulnerable to accelerated 

aging. Therefore, the onset and treatment of age-related diseases is becoming a growing 

issue for nurses. Understanding the underlying mechanisms of telomeres and their role in 

age-related diseases will assist nurses in applying methods of prevention and treatment in 

order to improve the overall health of patients.   
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Chapter 2: Review of Literature 

Age-Related Disease and Telomeres 

Chronic diseases typically seen among the aging population, such as emphysema, 

hypertension, and cirrhosis, are frequently encountered by nurses in the clinical setting. 

In America, emphysema is the leading cause of morbidity and mortality (Mattison & 

Christensen, 2006). Hypertension is another common chronic condition in over 50% of 

older American adults, which also predisposes individuals to additional serious 

impairment of other organs (Potter & Perry, 2005). Studies have shown that structural 

and functional changes associated with normal cardiac aging are accelerated in the 

presence of chronic hypertension (Fuster, Diez, and Andres, 2007). Studies have also 

shown lifestyle choices, such as cigarette and alcohol use, correlate with accelerated 

telomere shortening and the onset of age-related disease (Wiemann, et al., 2002; Fuster et 

al.; Voghel, et al., 2007; Tsuji et al., 2006). Therefore, biological age is different than 

chronological age. 

Conceptual Framework 

Telomeres are repeating DNA sequences of TTAGGG at the end of 

chromosomes that have protective chromosomal functions and shorten with each cellular 

replication. Cells replicate constantly throughout the life span, inevitably shortening 

telomeres over time.  “In healthy humans, telomere shortening is age-dependent…” 

(Slagbloom, et al., 1994; Chang & Harley, 1995; Brouilette, et al., 2007, as cited in 

Voghel, et al., p. 662, 2007). In states of disease, particularly involving chronic 

inflammation, telomere shortening is accelerated due to the increased need for cellular 
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repair. Hypertension, cirrhosis, and emphysema are all age-related diseases accompanied 

by an increased cell turnover rate that correlates with shortened telomeres (Wiemann, et 

al., 2002; Fuster et al., 2007; Voghel, et al.; Tsuji et al., 2006). Once telomeres become 

critically short a state of senescence is reached, or a state of irreversible growth arrest. 

This means that cells are no longer capable of division or tissue repair and optimal organ 

functioning is inherently lost (Baird, 2005).   Thereby, allowing the onset of disease. 

This conceptual framework is diagrammed in Figure 1. 

 

 

Figure 1: Diagram of Conceptual Framework.  
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Methods of Telomere Assessment 

Terminal Restriction Fragment and Quantitative Fluorescent In Situ Hybridization 

Telomeres are inherently biological markers of cellular age and can be assessed 

by a variety of methods. Early in vitro studies on human cells using terminal restriction  

fragments (TRF) by Southern blot have demonstrated a relationship between age and 

telomere shortening (Melk, et al., 1999). Blasco and colleagues (1997) report in vitro 

studies using Mus musculus demonstrate telomere TRF’s from 40-150 kilobases (kb) on 

one hand, but have also shown 10-60 kb size telomeres using quantitative fluorescence in 

situ hybridization (Q-FISH).  Cawthon (2002) compared telomere TRF lengths with 

telomeric DNA length measurements by Q-FISH and demonstrated a 2 kb variation in 

mean TRF lengths of individuals sharing nearly the same Q-FISH signal.  

“A loss of a few hundred base pairs from short telomeres could be important to 

cellular ageing but may go undetected by traditional mean TRF analysis as the TRF’s 

with few telomeric repeats could have been obscured by the strong signal from other 

TRF’s with long telomeres” (Cherif, Tarry, Ozanne, & Hales, 2003, p. 1578). In addition, 

…“The difference in TRF length between two DNA samples can be greatly affected by 

the choice of restriction enzyme(s) used… Therefore, investigators aiming to identify 

primary factors accounting for inter-individual variation in the mean length of the true 

telomeric repeat sequence may do well to avoid measuring TRF lengths and focus 

instead on methods that determine the relative quantities of the telomeric hexamer 

repeats per se” (Cawthon, 2002, p. 4). 
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 Terminal restriction fragment also requires a large amount of time (3-5 days) 

(Cawthon, 2002). It also uses large numbers of live cells at metaphase, good quality 

DNA, and will not detect the shortest telomeres. Therefore, the uses of TRF are limited 

because senescent cells cannot be analyzed. Similarly, the Q-FISH method also needs 

thousands of live cells, also in metaphase, and is inefficiently applied to senescent cells, 

as senescent cells are in a state of irreversible growth arrest (Baird, 2005).  

Real Time Quantitative Polymerase Chain Reaction (RT-qPCR) 

Real time quantitative polymerase chain reaction is a method of telomere 

assessment that allows for rapid high throughput of multiple samples, cultured or ex-vivo. 

Cawthon (2003) used RT-qPCR to show a correlation between shorter telomeres in 

human peripheral blood mononuclear cells and mortality in many age-related diseases. 

Callicott and Womack (2005) successfully employed Cawthon’s (2002) RT-qPCR 

protocol for use in mice cells. However, Callicott and Womack modified their primers 

from the ones originally outlined by Cawthon (2002). Modification of the original 

primers may change the applicability and results in telomere studies employing RT-

qPCR. The original “special primers were designed to overcome this limitation for 

human DNA [primer dimer], and theoretically these should work for the DNA of any 

mammalian species” (Callicott & Womack, p. 18). “Telomeres are maintained within 

species-specific lengths…” (Callicott & Womack, p. 20), but increased cell turnover rate 

due to life style factors, as previously stated, may account for varying in lengths between 

individuals of the same species, as well as within an individual.     
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Human telomeres can be up to 20 kb in length and mice telomeres can range from 

30-150 kb (Cherif et al., 2003). Mice are frequently used as models of human disease.  

Mus spretus has telomere lengths up to 30 kb in size, which is similar to humans (Cherif 

et al.). However, studies have shown, in relation to telomeres, mice cells spontaneously  

immortalize (Blasco, et al., 1997), making future studies of telomeres in aging mice 

models less applicable for use in studying age-related disease in humans. 

Rats have a telomere size of 20-100 kb that closely resembles that of humans 

(Cherif et al., 2003).  Cherif and colleagues conducted an in vivo study of aging rat 

models using telomere length quantification analysis (TLQA), a novel method from a 

previous study (Jennings, Ozanne, Dorling, & Hales, 1999), to show a trend in shorter 

telomeres with increased age among rats in various organ tissues.  Telomere length 

quantification analysis proved to be sensitive in detecting organ-specific telomere 

changes. However, this method employed the TRF method by Southern blot and was 

inherently subject to the limitations of TRF previously described.   

Wong and colleagues (2009) employed Cawthon’s (2002) RT-qPCR protocol to 

study telomere shortening in rats with induced renal failure and myocardial infarction 

(MI). Deviation from the original protocol included modifying Step 2, Stage 2 to 54
o
C 

for 2 minutes. Wong et al. were able to detect significant rat cardiac telomere shortening 

in severe renal failure with the occurrence of an MI. Results of this research are limited 

due to employment of all cells found in cardiac tissue, not specifically myocytes. Also, 

this study was used on tissue recently extracted from the animal and not on cells 

sequentially sub-cultured in the laboratory. 
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Real time quantitative polymerase chain reaction is a method of telomere 

assessment that allows for comparison of relative telomere repeat content between 

multiple samples. It can be applied to humans and rats, as telomeres consist of the same 

DNA repeat sequence of TTAGGG in mammals (Callicott & Womack, 2005). Real time  

quantitative polymerase chain reaction for telomere measurement had long been 

considered impossible due to the formation of primer dimer and amplification of primer 

products.  Cawthon (2002) demonstrated efficiency of his RT-qPCR protocol and newly 

designed primers by using human DNA from peripheral blood samples and correlating 

those results to mean TRF length results of the same DNA. Unlike the Southern blot 

technique using TRF’s, RT-qPCR amplifies only the telomeric hexamer repeat, avoiding 

the telomere-adjacent sequences. By excluding amplification of these telomere-adjacent 

sequences, a more efficient result of mean telomere length can be achieved by RT-qPCR 

when compared to the widely used TRF and Q-FISH methods.   

Application of Literature Review 

There are a large number of age-related diseases correlating with shortened 

telomeres from a variety of cell types. These age-related diseases tend to appear at an 

earlier age in certain individuals, as a possible consequence of lifestyle choices. The 

various cells involved and high morbidity rates related to these age-related diseases make 

it imperative that a method of telomere assessment for use in rats be further explored, as 

rats are frequently used to study human disease. The cell types explored in studies of 

age-related diseases are predominantly from humans. Those that do not use human cells 

have rarely employed RT-qPCR. There are many various methods of telomere 
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assessment available; however, RT-qPCR has many advantages for use in mammals of 

various species, rapid throughput of large sample sizes, and increased efficiency of 

results when compared to the limitations associated with the other available methods. 

Therefore, modifying a human RT-qPCR telomere assay to work efficiently in rats 

would be a useful tool in studying phenomena relevant to human health.   
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Chapter 3: Methodology 

Introduction 

The aging population is steadily growing; therefore, the presence of age-related diseases 

is of concern to nurses. Telomeres have been identified as possible mechanisms of age-related 

diseases (Lin & Yan, 2005). Real time quantitative polymerase chain reaction is a method of 

telomere assessment used in humans to establish relative telomere lengths in DNA samples.  

Frequently, rats are used as models of human disease. Development of a rat telomere assay 

would give valuable insight to the role of telomeres in human disease. The purpose of this study 

is to develop a reliable and valid assay to measure telomere length in rat endothelial cells as a 

marker of biological age.   

Purpose Statement 

Three specific aims were addressed during this study. Aim 1 pertains to modifying an 

existing assay used to measure telomere length in human mononuclear cells to measure 

telomeres in rat endothelial cells. Aim 2 is to determine if the modified assay is sensitive enough 

to detect telomere shortening in cells from aged rats. Aim 3 is to determine if the modified assay 

is sensitive enough to detect telomere shortening in cells that are sequentially sub-cultured in the 

laboratory. In order to address Aim 2, DNA from young (3 month) and old (24 month) rats was 

isolated for Q-PCR telomere assay from previously resurrected pulmonary microvascular 

endothelial cells at PD4 and PD3, respectively. DNA was later isolated, also for RT-qPCR, from 

the same young and old rat cells, both at PD22, in order to address Aim 3.     
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Cells 

Old and Young Rat Cells 

Aliquots of microvascular endothelial cells from lungs (MVECLs) previously 

isolated from young (3 month) and old (24 month) rats were resurrected from storage in 

liquid nitrogen at population doubling 4 and 3, respectively. Hank’s Balanced Salts 

Solution with EDTA was used to “round up” cells during passaging, causing retraction 

of cytoplasm extensions, which was monitored by phase microscopy. Trypsin was used 

to release cells from bottom of the flask. Cells were then quenched with EGM
®
-2mv 

media (LONZA; Walkersville, MD). Prior to DNA isolation, cells were grown in 25cm
3
 

cell culture treated flasks (VWR; West Chester, PA) in EGM
®

-2mv media, fed every 

other day, and passaged at confluency. 

Microscopy 

 Digital images of rat cells were taken every other day using phase microscopy 

and ProImage software. Images were saved as TIFF files and then converted to JPEG 

files for editing.   

Population Doubling 

 Population doubling (PD) is the amount of times the cells in culture have doubled 

themselves. Calculating of PD is a method for keeping track of cellular age. Population 

doubling is calculated based on starting number of cells in the flask compared with the 

number of confluent cells in the flask, with this given series of formulas: 

Number of cells counted x dilution factor   x  10,000= Number of cells/ mL 

 Number of squares counted 
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Number of cells/ mL  x  number mL of media in flask= Total number of cells in  

flask 

 

Total number of cells in flask= x 

Starting number of cells 

 

ln(x)   = Number of population doublings since seeding the flask 

ln(2) 

  

Original population doubling + number of new population doubling= New 

population doubling number  

 

Jurkat Cells 

 Jurkat is a cell line (ATCC; Manassas, VA) of acute lymphoblastic leukemia, 

previously isolated from the peripheral blood of a 14-year-old boy in 1976 (Schnieder, 

Schwenk, & Bornkamm, 1977). The Jurkat DNA was used to establish a control, as well 

as a standard curve between the relative ratio of telomere repeat copy number to single-

copy gene copy number. In addition, because it is from a cancerous cell line, the 

telomere sizes are immortal and therefore, do not change in size; this allows for 

interassay performance validation between this study and previous studies employing 

human cells. 

DNA Purifiction 

Genomic DNA purification was performed on young and old rat MVECL’s according to 

manufacturer’s directions using the QIAamp Midi Kit (Qiagen; Valencia, CA). Briefly, cells 

were lysed with buffer, followed by protease addition to digest extracellular proteins and 

histones, and to release the DNA. DNA was precipitated with ethanol, collected on spin column 

filter, washed, and eluted. DNA concentration and purity was determined by reading absorbance 

at 260 and 280 on BioPhotometer (Eppendorf; Hamburg, Germany). DNA must be read at A260 
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and A280 between a ratio of 1.7-1.9 in order to be considered pure enough to use for PCR.  Young 

(PD4) and old (PD3) DNA showed an absorbance ratio and concentration of 1.74 and 7.6µg/mL, 

and 1.66 and 3.5µg/mL, respectively.  Young and old DNA at PD22 showed an absorbance ratio 

and concentration of 1.75 and 4.1µg/mL, and 1.85 and 9.8µg/mL, respectively.   

Agarose Gel 

 A 1% agarose gel (SIGMA-Aldrich; St. Louis. MO) was made according to standard 

protocol in order to assess the quality of DNA at both isolations.  Loading buffer, samples, and 

Step Ladder, 50bp (SIGMA) were injected and run at 60V for an hour to allow migration of 

DNA. Sample migration was visualized by ethidium bromide under UV light on AlphaImager by 

Fluorochem software system.   

Real Time Quantitative Polymerase Chain Reaction  

Real time quantitative polymerase chain reaction (RT-q-PCR) was used to determine 

relative telomere lengths from samples of young and old rat DNA.  The first objective of this 

study pertains to modifying an existing assay used to measure telomere length in human 

mononuclear cells to measure telomeres in rat microvascular endothelial cells from the lungs.  

This aim was specifically addressed using Cawthon’s (2002) original RT-qPCR protocol and the 

Stratagene Brilliant SYBR Green RT-qPCR Core Reagent Kit (Stratagene; Cedar Creek, TX).    

For this assay, two plates of unknowns were run; one for the telomere reaction and one for the 

36B4 reaction. All DNA samples, including the Jurkat DNA control tubes, were run in triplicates. 

One tube of no template control (NTC), consisting of only PCR master mix and distilled water, 

was also run on each plate to assess the presence of primer dimer.  In addition, a standard curve 

using Jurkat DNA was run on each plate as duplicates of five serially diluted wells ranging in 
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final well concentrations from 12.6 to 100ng, as outlined by Cawthon (2002).  Modifications for 

both sets of primers deviating from Cawthon’s protocol consisted of a final master mix 

concentration of 300nM ROX reference dye (according to kit manufacturer’s directions), 

SureStart Taq DNA Polymerase, and use of the ABI 7300 Real-Time PCR system.  Thermal 

profiling modifications for the 36B4 primer occurred at Step 2, Stage 2: 58.0
o
 C for 1 min 30s.  

Thermocycler is set to read SYBR green fluorescence during Stage 2, at which SYBR Green is 

bound to double stranded DNA (dsDNA).    

Data Presentation 

Results of RT-qPCR are presented as graphs with a software-calculated cycle threshold 

(Ct) for each unknown, control (triplicate of 35ng Jurkat), and standard.  These data are 

presented for both plate reactions; the 36B4 and the telomere.  The Ct of a sample is met when 

enough dsDNA is present to cause the bound SYBR Green dye to fluoresce above the ROX 

reference dye and the negligible background fluorescence of the SYBR Green.  SYBR Green dye 

fluoresces significantly when bound to dsDNA.  As the DNA annealing and extension stage 

(Stage 2, Step 2) progresses, the amount of DNA is amplified with each thermal cycle.  

Therefore, depending on the length of telomere DNA in a sample, longer telomere samples will 

reach Ct before shorter telomere samples.  Once the Ct values are established, a T/S ratio (ΔCt) 

and a relative T/S ratio (ΔΔCt) can be calculated (Cawthon, 2002). 

Analysis  

The T/S ratio and the relative T/S ratio are calculated using the Ct value for each 

unknown, control, and standard for both the telomere and the 36B4 reaction.  The T/S ratio is the 

difference between the telomere repeat copy number and the single gene copy number.  The 
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relative T/S ratio is the ratio of the telomere repeat copy number and single gene copy number in 

experimental samples, as compared with the 35ng Jurkat reference DNA.  The Jurkat control 

tubes should have the same Ct when compared to the Jurkat 35ng standard because the DNA and 

concentrations are the same.   

Standard Curve. 

The standard curve is presented in a separate graph with an en equation of the 

line slope.  Slope value must fall between -5.7 and -2.9 in order to be considered an 

efficient reaction (Gil & Coetzer, 2004).  In addition, an r
2 

value is software-calculated 

for the linear regression equation of the standard curve.  An r
2 

value closest to 1, but not 

exceeding, demonstrates the efficiency of the relationship between standard DNA 

concentrations and standard DNA amplification.  For example, an r
2 

value of .9900 

shows consistency in amplification rate of DNA among the various DNA concentrations 

in the standard curve.  Therefore, an r
2 

value such as this would convey that all plate 

samples amplified at the same rate, acting as supporting evidence for Q-PCR reaction 

efficiency.   

CalculatingT/S and Relative T/S Ratio. 

The relative T/S ratio is used to report relative telomere lengths among samples and is 

proportional to the average telomere length (Cawthon, 2002).  Basically, by using a single gene 

of known sequence number, sample amplification can be normalized against single gene 

amplification.  This normalization of unknown sample telomere repeat content vs. known single 

gene repeat content establishes a scale for comparison, a ratio of value.  The telomere length is 

reported in relation to the 36B4.  Cawthon gives the following formula to determine a T/S ratio,  
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which must be established for the experimental samples, reference DNA, and for the 35ng Jurkat 

control:   

[2
Ct(telomeres)

/2
Ct(36B4)

]
-1

 = 2
-ΔCt 

 

Cawthon (2002) gives the following formula to calculate the relative T/S ratio for the 

experimental samples: 

 2
-(ΔCt

1
-ΔCt

2
) 
= 2

-ΔΔ Ct 

However, these same values can be obtained by means of less complicated 

equations.  For this study, the T/S ratio was established using this formula: 

ΔCt = Ct(telomere) – Ct(36B4) 

The relative T/S ratio was then calculated using this formula: 

ΔΔCt = ΔCt(unknown) - ΔCt(control) 

Once T/S ratio values are established for unknowns, controls, and standards, they 

can be entered into Microsoft Excel, with the necessary formulas, to calculate the relative 

T/S ratio. The greater the relative T/S ratio is, the longer the telomere.   
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Chapter 4: Results 

Purpose and Objectives 

The purpose of this study is to develop a reliable and valid assay to measure 

telomere length in rat endothelial cells as a marker of biological age.  The specific 

objectives addressed were to: 1. Modify an existing assay used to measure telomere 

length in human mononuclear cells to measure telomeres in rat endothelial cells  

2. Determine if the modified assay is sensitive enough to detect telomere shortening in 

cells from aged rats and 3. Determine if the modified assay is sensitive enough to detect 

telomere shortening in cells that are sequentially sub-cultured in the laboratory.   

Results 

Young and old rat cells were photographed throughout culturing. DNA isolation was 

followed by employment of 1.5% agarose gel to confirm whole, intact, genomic rat DNA before 

use in RT-qPCR, as shown in Figure 2. Genomic DNA is present when DNA samples do not 

migrate to bottom of agarose gel, as the gel has pores in it and DNA is a large molecule that will 

not move through the pores. Young and old sample migration, after both DNA isolations, was 

significantly higher than the 5,000 base-pair band, indicating samples consisted of intact, whole 

genomic DNA.   

For objective 2, results showed that telomere length in endothelial cells from young rats 

was longer compared to telomere length in endothelial cells from old rats (p < 0.01; Students t –

test), as shown in Figure 3. For objective 3, results showed that telomere length from young 

sequentially sub-cultured cells was longer than telomere length from old sequentially sub-

cultured cells (p < 0.01), as shown in Figure 4. Analysis on SigmaStat Software (Jandel) by two-
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way ANOVA of telomere length from previously isolated DNA from endothelial cells of young 

and old rats along with DNA isolated from sequentially sub-cultured cells showed significant 

differences (p < 0.01) between rat age, extent of sequential sub-culturing, and interaction effects.  

The results of this work support that we successfully modified a human telomere length assay for 

use in aging rat studies that will be useful in nursing and other health-related aging research.   

Summary of Findings 

The results of this study demonstrate that Cawthon’s (2002) primers and RT-qPCR 

protocol can be applied to samples of young and old Fischer 344 rat MVECL’s to successfully 

assess telomere length in recently isolated or cells sequentially “aged” in the laboratory. In 

congruence with Cawthon’s results, there was no occurrence of primer dimer-derived products, 

as evidenced by the absence of detectable fluorescence in the reaction tubes containing only 

master mix. As expected, young rat cells demonstrated longer telomeres than old cells. Based on 

the difference seen between relative T/S ratios of both sets of young DNA compared to both sets 

of old DNA shown in Figure 4, data suggests that young cells more readily lose telomere bases 

than old cells. As previously stated, Cawthon’s (2002) original protocol was modified for this 

study. It was found that lowering the thermocycler temperature created a more favorable 

environment for DNA primer-template binding and increasing the number of thermocycles 

allowed complete visualization of rat DNA amplification for the 36B4 reaction. Sequentially 

aged cells were also found to demonstrate the typical senescent phenotype of flat, enlarged 

morphology (Tsuji, Aoshiba, & Nagai, 2004), as shown in Figure 2 (D, E).  
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Figure 2: Young PD4 (A) and old PD3 (B) rat MVECL’s before DNA isolation and 1.5% 

Agarose gel (C). Young PD22 (D) and old PD22 (E) rat MVECL’s before DNA isolation and 

second 1.5% Agarose gel (F). 
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Figure 3: Young PD4 and Old PD3 Telomere Length Comparison. 

 

 

Figure 4: Graphs of Telomere Length Comparison: Young PD4 compared to  

Young PD22 and Old PD3 compared to Old PD22. 
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Chapter 5: Discussion 

Importance of Work 

The prevalence of age-related chronic diseases, such as emphysema and cirrhosis, 

are increasing as the population rapidly ages. In addition, unhealthy lifestyle choices are 

contributing to the prevalence of these age-related diseases. This creates a necessity for 

more treatments, health care workers, nurses, and knowledge of these diseases in order to 

adequately address this problem. By successfully modifying this particular assay to work 

in rats, we can learn more about telomeres and their role in age-related disease when 

human use is not ethical or feasible. Due to the fact that telomere shortening and age-

related diseases are so intimately connected, better understanding of this relationship can 

allow nurses to obtain a more comprehensive patient assessment. Ultimately, this study 

is important to nursing research because it will aid nurses in applying methods of 

prevention and treatment in order to improve the overall health of patients. Finally, at a 

time when America’s health care is making history, so must nursing research by 

continuing to generate valuable biomedical studies, such as this one. 

Strengths of Study 

 Initial trials of the modified protocol followed with a dissociation curve elicited 

acceptable melting points of amplified products, strongly supporting the correct 

amplification of the desired telomere products. Comparison of Jurkat and 36B4 DNA 

between previous human studies and this aging rat study demonstrated similar behavior, 

further supporting the work of this study. Also, successful modification of this assay is 

valuable because rats have a telomere length closely resembling that of humans; 
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therefore, minimizing variables in generalizability of results from aging rat telomere 

studies to human telomere behavior.  

Limitations of Study 

This modified assay can successfully be used to look at telomere differences in 

endothelial cells of Fischer 344 rats. This study is limited, as the successful results are only 

applicable to this specific cell type. In addition, the RT-qPCR method only gives relative 

telomere lengths, not absolute; therefore, telomere lengths in samples could only be used in 

comparison to another, not alone. “Telomere length is highly variable among individuals of the 

same age” (Fuster, Diez, & Andres, 2007, p. 2185) and between cells in various organs and 

tissues (Callicott & Womack, 2005). This means there is inter- and intra-individual telomere 

length variability and further reinforces the fact that RT-qPCR is best used in cases of 

comparison within a sample. For example, comparing telomere length from liver and cardiac 

tissue may render no significant findings. However, comparing telomere length from the same 

liver tissue once and again at a later date may render more applicable data. 

In addition to this, there is currently no existing minimal telomere base pair length that is 

diagnostic of vulnerability to or presence of age-related disease. All telomere studies are limited  

by this factor and even though RT-qPCR is able to detect the shortest of telomeres, the 

application of this information is limited when trying to identify at what exact point the cell 

becomes vulnerable to diseases of aging. It is reported that the equation for linear regression 

analysis of the relationship of the T/S ratio from the RT-qPCR reaction and TRF length by 

Southern blot can be used to find telomere base pair length in a sample (Cawthon, 2002). 
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However, this equation is subject to the same previously discussed limitations of TRF, including 

subtelomeric region inclusion and failed detection of the shortest telomeres.  

This study was performed on recently isolated cells and on cells sequentially sub-cultured 

in flasks in the laboratory. This is an artificial environment in which conditions vary greatly from 

those in vivo; therefore, results cannot be accurately generalized to the way cells would behave in 

live tissue.  

Future Research 

 Future efforts of research may benefit from employing this modified RT-qPCR protocol 

on other rat cells, such as renal and hepatic cells. These cells are greatly affected by other 

diseases of aging and successful results would make the assay applicable for studying many age-

related diseases in rats. On a different note, application of the modified protocol to previously 

studied human cells with the absence of a change in results would make this modified protocol 

more desirable for use in aging human and rat studies, as it would not need to be changed 

between species. 

Conclusion 

In summary, this study successfully demonstrates utilization of RT-qPCR for use in 

telomere assessment of aging rat models. Slight modifications to annealing temperature and 

number of thermocycles were made to make reaction successful and applicable to resurrected or 

cultured cells.   
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