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Abstract

Purpose/Objectives—To examine the trajectory of fatigue experienced by 26 Puerto Rican 

(PR) men over the course of External Beam Radiation Therapy (EBRT) and to assess gene 

expression changes from baseline to midpoint of EBRT using microarray technology.

Design/Research Approach—Prospective exploratory and comparative design study

Setting—RT facility located in San Juan, PR

Sample/Participants—26 PR men with non-metastatic prostate cancer

Methods—Participants completed 2 paper forms: demographics and the Spanish version of the 

13-item FACT–fatigue at baseline, midpoint, and end of EBRT. Whole-blood samples were 

collected at baseline and at midpoint of EBRT. Descriptive data was analyzed using t-test, 

Wilcoxon, and Friedman test for repeated measures. Gene expression data was analyzed using the 

LIMMA package in R; the functional network analysis was conducted using Ingenuity Pathway 

analysis.

Main Research Variable—Fatigue scores, gene expression

Findings—Subjects were of ages 52–81 with fatigue scores that remained unchanged during 

EBRT (baseline=42.38, SD=9.34; midpoint=42.11, SD=8.93, endpoint=43.04, SD=8.62). Three 

hundred seventy-three genes (130-up regulated and 243-down regulated) were differentially 

expressed from baseline to mid-point of EBRT (FDR<0.01). The top distinct canonical pathways 
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of the differentially expressed probesets (p< 0.0001) were: “Phospholipase C Signaling,” “Role of 

NFAT in Regulation of the Immune Response,” and “Gαq Signaling.”

Conclusions—While fatigue did not worsen over the course of EBRT for this sample as a group, 

there was variability in fatigue across the sample. It is possible that the over expression of the 

SESN3 gene, known to suppress oxidative damage, may have contributed to the attenuation of 

fatigue in this clinical population.
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Background

Prostate cancer (PC) is the most frequently diagnosed cancer (38.3% in 2012) in Puerto Rico 

and the leading cause of cancer death among Puerto Rican men (1). External beam radiation 

therapy (EBRT) is a more popular option in the management of non-metastatic PC cancer in 

Puerto Rico. About half of newly diagnosed PC patients in Puerto Rico received EBRT 

during the period of 2008–2012 (1). However, EBRT is not without side effects.

Fatigue is one of the most distressing and commonly reported side effect of EBRT, with up 

to 71% of PC patients complaining of it during EBRT (2). This fatigue has been associated 

with alterations in employment, increased hospitalizations, non-compliance with treatment, 

and need for dose adjustment or interruption of treatments (3). Despite the high prevalence 

of cancer-related fatigue (CRF) and the associated negative outcomes, much remains to be 

investigated, such as why there is variability of fatigue responses to EBRT treatment (4,5).

There is no singular explanation as to why this variability in the symptom experience of 

CRF during RT exists. Some factors that have been proposed include patient’s 

characteristics, and or treatment characteristics (6). However, there is increasing recognition 

that variability in the symptom experience may be explained by biological causal pathways 

(7). Recently, Saligan’s group (5,8) found that changes in fatigue scores from non-Hispanic 

white men with PC were significantly associated with changes in expression of 

mitochondrial-related and inflammation-related genes during EBRT.

An important gap in the CRF literature is that no studies have examined the trajectory of 

fatigue, specifically among Hispanic or Puerto Rican men during EBRT. It is crucial that 

clinicians and researchers become skilled in assessing the trajectory of fatigue of Puerto 

Rican PC patients undergoing EBRT to properly respond to their symptoms and unmet 

needs (9,10). Not only is there a need for more culturally competent research in this area, but 

because the Hispanic oncology population does not always report symptoms, risking under-

assessment/management (11,12), the need for this exploratory study was particularly 

necessary. Therefore, the purpose of this study was to examine the trajectory of fatigue 

experienced by 26 Puerto Rican (PR) men over the course of External Beam Radiation 

Therapy (EBRT) and to assess gene expression changes from baseline to midpoint of EBRT 

using microarray technology.
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Methods

For this prospective study, fatigue was measured from 26 Puerto Rican men newly 

diagnosed with non-metastatic PC at three time points: baseline [prior to EBRT], midpoint 

[days 19–21], and end of EBRT [days 38–42]. To capture the initial inflammatory response 

of EBRT, which peaks at midpoint (day 21), whole-blood samples were collected at baseline 

and at midpoint of EBRT to explore the differential expression of genes.

Prior to beginning data collection, approval by the Human Subjects Committee of both the 

Midwestern academic medical center and University of Puerto Rico Medical Science 

Campus was granted. Recruitment and data collection took place at an ambulatory RT 

facility located in San Juan, PR from July to September 2014. The inclusion criteria were 

Puerto Rican males over 40 years of age with a clinical diagnosis of non-metastatic PC, and 

who were scheduled for EBRT. Eligible participants also needed to be able to read and write 

at the 6th grade level and to provide written informed consent. Exclusion criteria include the 

following: progressive or unstable disease of any body system causing clinically significant 

fatigue; systemic infections; documented history of major depression, bi-polar disorder, 

psychosis, or alcohol dependence/abuse within the past 5 years; uncorrected hypothyroidism 

or anemia; second malignancies; or concurrent chemotherapy with their EBRT; and those 

with chronic inflammatory disease that may alter pro-inflammatory cytokines profiles.

Measures

Participants completed the demographics (only at baseline) and the Spanish version of the 

13-item Functional Assessment of Cancer-Therapy –fatigue (FACT-F), at baseline, midpoint 

and end of EBRT. The principal investigator (PI) then administered the Hamilton depression 

scale (HDRS) validated in Spanish speaking populations, to obtain depression scores, and 

reviewed each subject’s medical chart for recording selected clinical information on the 

health form.

The FACT-F Spanish version developed by Cella et al. (13) specifically for cancer patients 

measured fatigue severity. The FACT-F statements about fatigue (e.g. “I feel weak all over”) 

were rated by the patients according to the degree to which each statement was true during 

the preceding week, using a five-point response scale (0 = not at all to 4 = very much). Test-

retest scores suggest that FACT-F can be used independently overtime, and has been 

rigorously tested for reliability and validity with Hispanic cancer patients (14). FACT-F 

scores range between 0 and 52, where low scores mean higher intensity of fatigue. Cronbach 

alphas of 0.93–0.95 have been reported (15). The 21-item HDRS is a clinician-rated paper 

questionnaire that has been validated in Spanish speaking population with good 

psychometric properties (i.e. Cronbachα>0.7, ICC: >0.9) (16).

A total of 2.5 mL of peripheral blood was collected using RNA PAXGene tubes (Qiagen 

Frederick, MD) for each of the two study time points. De-identified blood samples were 

stored in a securely- locked −80°C freezer until shipment to Dr. Saligan’s laboratory at the 

National Institute of Nursing Research at NIH. RNA extraction, purification, cDNA and 

cRNA synthesis, amplification, hybridization, scanning and data analyses were conducted in 

the NINR lab following standard protocols described in a prior publication (5). Fifty-two 
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Affymetrix microarray chips (HG U133 Plus 2.0, Santa Clara, CA) were used to assess gene 

expression levels for genes across the genome. The AffymetrixGeneChip Command Console 

(AGCC, 3.0 V) was used to scan the images for data acquisition.

Statistical analysis

Power and sample size needed to detect differentially expressed genes between baseline and 

midpoint of EBRT was computed for 80% power and a standard deviation of 0.70 using the 

web application at http://bioinformatics.mdanderson.org/MicroarraySampleSize/. 26 

subjects met the 80% power criterion to detect a minimum of 2.0 fold change in gene 

expression from baseline to midpoint of EBRT.

To assess the change in fatigue at the three time-points, we compared all pair-wise fatigue 

scores measured at the three time points using both parametric (paired t-tests) and non-

parametric (Wilcoxon Signed Rank Test) tests to assess the robustness of results. In addition, 

we conducted subset analysis and case levels of the fatigue scores using descriptive 

statistics.

Affymetrix CEL files (the file format that stores the results of the intensity calculations of 

the pixel values of the scanned image from a microarray chip) were imported into LIMMA 
package in R. Background correction, quantile normalization, and summarization expression 

calculation were conducted with the Robust Multichip Average (RMA) algorithm and the 

linear model with LIMMA package. In addition to the laboratory quality control steps, after 

RMA, data quality was assessed via per-subject box plots (Figure 1). Gene expression 

differences between midpoint and baseline of EBRT were assessed using the linear modeling 

features available in the LIMMA package. To adjust for the testing of thousands of genes, 

we used the approach of Benjamini-Hochberg to estimate the false discovery rate (FDR). 

Genes with a FDR < 0.01 and a fold change >0.4 in either direction were considered top 

candidate differentially-expressed genes. Further, the 646 probeset with a p < 0.0001 from 

midpoint to baseline of EBRT were subjected to pathway analysis using Ingenuity Pathway 

(IPA) (Ingenuity® Systems, www.ingenuity.com, Redwood City, CA). The cutoff log ratio 

was set at 0.4 providing the opportunity to analyze only those highly up-regulated and down-

regulated differentially expressed genes (N = 220 genes). IPA identified functional networks 

of the differentially expressed genes from the Ingenuity’s Knowledge Base.

Results

Sample

Participants (N = 26) had a mean age of 67.01, with a SD of 7.56. Most of the participants 

were White (85%), and retired (69.2%) (Table 1). While 96.2% of the participants were 

married or partnered, three (11.5%) participants reported that they cared for themselves on 

their own or were caring for their dementia-affected spouse. The participants were well 

educated with only four (15.4%) not having a high school diploma.
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Clinical Characteristics

Approximately one third of the sample (34.6%) had low risk disease with a PC clinical stage 

of T1 and a Gleason score between six and nine, 46.2% had stage T2, 15.4% had stage T3, 

and one participant had stage T4 prostate cancer (Table 2). Most participants (57.7%) 

received neo-adjuvant hormonal therapy (androgen deprivation therapy; ADT) eight weeks 

prior to the initiation of EBRT, and only 23.1% received radical prostatectomy more than a 

year before receiving EBRT. Baseline hemoglobin, albumin, and TSH were within reference 

range.

Trajectory of Fatigue

Mean fatigue score at baseline was 42.38 for the sample (Table 3). It remained about the 

same at mid-point 42.11, and slightly increased to 43.03 at completion of EBRT, but was not 

significantly statistically different. We also conducted the Friedman’s test that is the 

nonparametric test equivalent to the repeated measures ANOVA. Those results also 

confirmed no significant difference (Friedman’s test: χ21.20 [df, 2], p =.55).

While as a group there were no statistically significant changes in fatigue over the course of 

EBRT, subset analysis of the fatigue scores showed that, of the 26 subjects, some of the 

participants had clinically significant change (i.e. > 3 point decrease) in fatigue (baseline to 

midpoint: 5 (20%); baseline to endpoint: 4 (15%); and, midpoint to endpoint: 3 (11.5%). 

None of the participants reached the cutoff score (15) for depression at any time point. 

Lastly, the FACT-F scale showed acceptable internal reliability. The range of the Cronbach 

alphas for the FACT-F scale across the three time points was .91–.93, and for the HDRS 

was .55–.84.

Global Gene expression analysis

Three hundred and seventy three genes (130 up-regulated and 243 down-regulated) were 

differentially expressed from baseline to midpoint of EBRT FDR <0.01. Figure 2 illustrates 

a volcano plot of results for all genes for determining differentially expressed genes from 

baseline to midpoint of EBRT. Further, the list of the top 20 significant up/down-regulated 

genes accounting for both statistical and biological significance is shown in table 4. Table 4 

also shows that genes from this top list were also observed to be the top 20 up/down-

regulated genes in a similar study among non-Hispanic white men.

Pathway Analyses

In order to obtain a better understanding of the physiologic pathways that are associated 

with the genes that are differentially expressed from baseline to midpoint of EBRT, a 

functional network analysis was conducted. A network of the top three canonical pathways 

(Phospholipase C Signaling, Role of NFAT in Regulation of the Immune Response, Gαq 

Signaling) and its associated differentially expressed genes was generated (see Figure 3).

Gonzalez et al. Page 5

P R Health Sci J. Author manuscript; available in PMC 2018 February 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Discussion

Trajectory of Fatigue

The purpose of this exploratory study was to describe the trajectory of fatigue among Puerto 

Rican men over the course of receiving EBRT for non-metastatic PC and to explore gene 

expression changes from baseline to midpoint of EBRT. We employed well-validated and 

reliable Spanish versions of instruments commonly used in other studies and that have been 

found sensitive to changes over time to assess fatigue and other symptoms. This sample was 

carefully assessed for potential confounding factors (e.g. renal failure, anemia) resulting in 

participants with relatively homogeneous characteristics. In the gene expression analyses, 

measures were taken to correct for false positive results that may arise from high-through 

output techniques.

Fatigue is a side effect of RT that can negatively impact their health related quality of life 

and physical functioning (17). At baseline and at end of treatment respectively, FACT-F 

mean scores of the sample was similar (42.38, SD = 9.34 and 43.03, SD = 8.62, 

respectively) compared to previously published mean fatigue score of the U.S. general 

population using the same measure (43.6, SD = 9.4) (18). At each of the three time point the 

Puerto Rican participants reported higher FACT-F mean scores, indicating less level of 

fatigue as compared to: Canadian PC men receiving ADT (M = 37; SD = 24) (19); US non-

anemic (M = 13.5; SD = 1.2) (18) cancer patients; and US cancer patients receiving 

chemotherapy/radiotherapy (M = 30.1, SD = 13.1) (20) using the same measure of fatigue. 

Our smaller sample size may have contributed in part to the observed differences in fatigue, 

but it may also be due to the above studies dealing with more aggressive cancer types and/or 

more intense treatments.

Longitudinal studies have consistently reported that fatigue in PC patients worsens over the 

course of EBRT (5,8,21). The results of this study do not support these findings. 

Unexpectedly, there were no significant differences in fatigue scores over time during EBRT 

in our Puerto Rican sample. In comparison, the work by Saligan et al. (5,8) with a non-

Hispanic white sample found that, compared to baseline, fatigue increased significantly at 

midpoint and at completion of EBRT (p = .001–.04) using the Piper Fatigue Score and the 

PROMIS-F. While similar EBRT protocols and data collection time points were used, 

differences in assessment scales also may affect the observed results (22). Although these 

instruments may have good psychometric properties, they may not lead to the same 

conclusions since they may also assess different aspects or characteristics of fatigue. For 

example, the Piper Fatigue Scale assesses four dimensions of fatigue: behavioral/severity, 

sensory, cognitive/mood, and affective (23). Nonetheless, since the FACT- F is 

unidimensional, it is possible that some other dimensions of fatigue not assessed in the 

present study might have changed over the course of EBRT. In addition to using different 

instruments to measure fatigue, these other studies had different sample sizes and were not 

limited to Hispanic participants. Due to these variations, direct comparisons between these 

studies and our study are limited.
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Changes in Gene Expression

Radiation therapy induces damage to the cell DNA that results in a cascade of events 

involving a network of signal transduction and transcriptional regulation (24). This event 

stimulates a cellular stress response, including DNA damage recognition and cell cycle 

arrest that leads to either DNA repair or apoptosis. In our study, we used microarray 

technology to conduct a genome wide study focused on the identification of transcriptional 

changes resulting from the radiotherapy insult from baseline to midpoint of EBRT. The 20 

most up- and down-regulated genes include significant changes in expression of genes 

related to apoptosis (FDRX), B-cell functions (FCRLA, IGHM, PAX 5, BACH2, MS4A1, 
and POU2AF1), inflammation (ITLN1, CCR7), hemoglobin synthesis (XK and RHD), and 

induced by oxidative stress (SESN3).

During EBRT, there is active cellular apoptosis (5). Consistent with this, the present study 

findings showed that apoptosis-related genes including ferredoxin reductase (FDRX) and 

sestrin 3 (SESN3) were up-regulated during EBRT. Ferredoxin reductase FDXR was the 

most up-regulated observed in this study. FDXR is regulated by the p53 family by DNA 

damaging agents in a p53-dependent manner, and by a mutated form of p53 that is involved 

in inducing apoptosis (25). A previous study demonstrated that over-expression of the 

ferredoxin reductase protein increased the sensitivity of colorectal carcinoma cells to 

reactive oxygen species (ROS) 5-FU, and doxorubicin-induced cell death (25). Specifically, 

the mechanism by which FDXR regulates ROS induced apoptosis is by hindering ROS from 

being detoxified by an antioxidant system (25). ROS production is a critical process linked 

to RT-related fatigue (5). It has been suggested that since ROS is mainly produced in the 

mitochondria, it may have an effect on oxidizing the mitochondrial pores resulting in 

disruption of the mitochondrial membrane potential that can consequently lead to 

cytochrome c release and apoptosis (5,25). The current study findings and the supporting 

evidence strengthens our hypothesis that FDXR up-regulation accelerates ROS-induced 

apoptosis, which may contribute to the experience of fatigue in this clinical population.

The current study also revealed that the SESN3 gene was significantly up-regulated during 

EBRT. SESN3 is known to suppress oxidative damage (26). Accumulation of ROS in the 

mitochondria serves as an apoptotic stimulus of the intrinsic death pathway (27). Extrinsic 

factors such as EBRT can lead to oxidative stress (28). Oxidative stress is the reflection of an 

imbalance of ROS and reactive nitrogen species (RNS) metabolism and inability of the cells 

(mitochondria) to detoxify ROS and RNS and other reactive metabolic intermediates (26). 

While all members of the sestrin family (SESN1, SESN2, and SESN3) are induced by 

oxidative stress by different induction mechanism, SESN3, which is highly up-regulated in 

the present study, is stimulated by oxidative damage via activation of FOXO transcription 

factors (27). FOXO3 also was up-regulated (adjusted p value <.02, log fold change 0.20) in 

this study. SESN3 knockdown caused an increase of FOXO3 inducing ROS and accelerating 

apoptosis. SESN3, a FOX-inducible protein, has been shown to suppress oxidative stress-

induced mTORCH 1 (target of rapamycin) activities, thus maintaining cellular energy during 

oxidative stress (26,27). Although it is not clear that FOXO3 activated SESN3 in our study, 

it is plausible that the antioxidant, AMPK-activating, and MTORC1 suppressing capabilities 

of the sestrin family contributed to the attenuation of RT-related fatigue in this clinical 
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population. More recently, evidence suggest an important role of Sestrins in behavioral 

symptoms (e.g. fatigue, cognitive impairment, and pain) as well (29–31). Additional studies 

are needed to characterize the expression of FDRX and the Sestrin genes, and to determine 

their role in RT-related injury and fatigue or in other in behavioral symptoms.

Because the expression of 646 genes was found to be differentially expressed (p <.00001) 

between midpoint and baseline of EBRT, we further explored the canonical pathways in 

which these genes may be involved. The top three identified functional pathways--

phospholipase c signaling, role of NFAT in regulation of the immune response, and Gαq 

signaling. These pathways have been demonstrated in previous research to be involved in 

immune regulation and the complex signaling pathway that regulates cell dynamics (32). 

However, since most of the genes from the top three pathways except GNAS, were down-

regulated, this finding supports the idea that induction of RT in our sample may has been 

balanced by suppression of these genes based on the intensity of the damage. Nonetheless, 

these functional pathways suggested biological underpinnings of the possible physiological 

mechanisms that influence fatigue modulation during EBRT in this population.

One of the most highly ranked pathways was Role of NFAT in Regulation of the Immune, 

which is predominantly marked by the up-regulation of GNAS and the down-regulation of 8 

genes (IP3R, CSP, BCR, SLP65, LCK, FYN, CALM, P13K). NFAT are a family of 

transcription factors expressed in several cell types of the immune system, therefore playing 

an important role in immune responses process (32). NFAT are activated by stimulation of 

receptors coupled to Calcium-Calcineurin signals from various kinases (32). For example, 

the current study findings showed that the ATM serine/threonine kinase (log fold change= 

−0.510, p = .000043) was significantly down-regulated, suggesting that the NFAT 

transcription factors are not activated during EBRT. However, it also has been suggested that 

NFATc signaling pathway plays a role in dysregulation of inflammation (33). The activation 

of the NFATc signaling pathway in macrophages leads to a hyperinflammatory effect with 

immune-pathologic consequences (33). The acute inflammation during RT has been 

associated with fatigue (34). Since NFATc isoforms actively and negatively are regulated in 

macrophages during acute inflammatory responses (33) suggesting that any deregulation 

leading to NFATc activation (e.g. RT) might lead to excessive pro-inflammatory cytokine 

production and to the development to RT-related fatigue. However, none of these cytokines 

(IL-1b, IL-6, TNF-a) were differentially expressed in our study (p > .05).

Another ranked pathway was the Gαq Signaling pathway. Similar to the previous pathways 

discussed above, GNAS was the only up-regulated gene (expression value 0.573); while the 

other genes associated with these pathways are down-regulated (ATM, CAMK4, FNBPI, 
ITPR1, NAPEPLD, PIK3R1, PRKA, PRKCH, and RHOH). After activation, the G-proteins 

route the signal molecules from cell surfaces receptors that are activated by ligands such as 

hormones, neurotransmitters and chemokines to regulate diverse physiological functions 

(32). Whistler et al. (35) identified 839 fatigue-associated genes among 112 female subjects 

with unexplained fatigue. Unexplained fatigue was measured with the Multidimensional 

Fatigue Inventory. The authors did not provide the entire list of genes associated with 

fatigue; however, they provided the results of mapping fatigue-associated genes to pathways. 

These associated genes implicated six different signaling pathways including the G-protein 
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signaling pathway. This similarity to the present study suggests that Gαq Signaling pathway 

might have played a role in fatigue development. Further studies are needed to confirm that 

these functional pathways are indeed involved in RT-related fatigue.

Limitations of this study include the relatively small sample size (despite our power 

analysis). A larger sample would have permitted a subset analysis of those participants for 

whom fatigue worsened, something we were unable to do due to the small sample size. 

Using a unidimensional measure of fatigue, also may have been a limitation. As fatigue is 

multi-dimensional, it is possible our measure did not capture that part of fatigue that might 

have increased over the course of EBRT for more study participants. The planned analysis of 

association between the changes in expression level of these genes with changes in fatigue 

scores from baseline to midpoint of EBRT was not conducted due to the unexpected finding 

that fatigue did not significantly change over the course of EBRT. Additional exploration of 

variables of interest (i.e. consumption of a high antioxidant diet), is required to confirm if 

these have contributed to the attenuation of RT-related fatigue in the current study clinical 

population.

Conclusion

EBRT for PC is a popular treatment option in Puerto Rico, and findings from this study 

suggest it may have a less detrimental effect on fatigue than in the non-Hispanic white 

population. While fatigue did not worsen over the course of EBRT for this sample as a 

group, there was variability in fatigue across the sample. Nonetheless, it is particularly 

important to understand the prevalence and the trajectory of fatigue during cancer treatments 

in order to develop and deliver timely targeted interventions in comprehensive oncology care 

(36). Further research using qualitative methodologies may be helpful to better understand 

why the Puerto Rican men in this study did not experienced changes in fatigue.

Although it is unclear from our study whether the changes in gene expression we found were 

specifically associated with fatigue, global differentially expressed genes during EBRT 

suggest activation of immune response, which is a mechanism proposed to explain cancer-

related fatigue. Future research will be directed at providing direction toward the identified 

genes and pathways that may contribute to our understanding of the complexity of RT-

related fatigue. This is particularly important for the PC population because of the potential 

disabling symptom during and after EBRT. Nonetheless, the contribution of gene expression 

studies in developing personalized cancer therapies seems promising. It will contribute to 

making use of individual differences in symptom experience to identify genetic and 

epigenetic risk factors for developing symptom variability.
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Figure 1. Boxplots of all Genes in each Array on the x-axis (n = 52 arrays), and the log base 2 of 
the Expression Values on the y axis
This figure assesses the quality of the 52 microarrays used in the study (along the x axis). 

Each array is represented as a box and whiskers plot summarizing the mean expression and 

quartiles for each array, in log base 2, along the y axis. The similar means (black bars) and 

first quartiles (white boxes) show that none of the arrays depart substantially from the mean 

expression, and all arrays may be retained with no further normalization required.
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Figure 2. Volcano Plot Showing -log10 (p-value) versus fold changes in the y- and x-axis 
respectively of differentially expressed from baseline to midpoint of EBRT
A volcano plot summarizes the evidence of differential expression for each gene in the 

arrays. From a linear model fit of expression in midpoint versus baseline of EBRT we 

extract and plot the log base 2 ratios of gene expression (along the x axis) and the negative 

log base 10 of the p-value for each gene. Genes in the upper left quadrant of the volcano plot 

are downregulated at midpoint vs baseline (negative log ratios) and are differentially 

expressed (very small p-values); genes in the upper right quadrant are upregulated in the 

midpoint versus baseline of EBRT. Genes along the bottom of the plot have large p-values, 

with decreased evidence of differential expression.
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Figure 3. Top 3 Canonical Pathways of Radiotherapy-induced Gene Expression
A network of the top three canonical pathways (Phospholipase C Signaling, Role of NFAT 

in Regulation of the Immune Response, Gαq Signaling) and its associated differentially 

expressed genes was generated. Coloring is based on the expression values of the genes, 

down-regulation in green and, up-regulation in red. The direct and indirect relationships 

from the Ingenuity knowledge database are shown by solid and dashed lines, respectively. 

The arrow indicates specific directionality of interactions. GNAS was the only up-regulated 

gene common in the top three pathways. The canonical pathway is predominantly composed 

down-regulated genes; however, this is probably due to the fact that, although statistically 

significant, many of the up-regulated genes did not achieve the cutoff of 2-fold change.
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Table 1

Demographic Characteristics of Study Participants

Characteristics N (%)

Racial categories

 White 22 (85.0)

 African American 4 (15.0)

Marital status

 Married 24 (92.3)

 Single 1 (3.8)

 Living together 1 (3.8)

Highest education completed

 Elementary/middle school 2 (7.7)

 Some High School 2 (7.7)

 High School Diploma 8 (30.8)

 Some university no degree 1 (3.8)

 Bachelor 7 (26.9)

 Doctoral degree 3 (11.5)

 Post-doctoral 3 (11.5)

Occupation

 Retired 18 (69.3)

 Working 7 (26.9)

 Handicap 1 (3.8)

Primary caregiver

 Wife 23 (88.5)

 None 3 (11.5)
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