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Introduction: 

 The objectives of this grant renewal are to provide administrative support and 

travel funds to allow the continued participation of the principal investigator (Dr. John B. 

Little) as an advisor to research initiated by several research fellows from his laboratory.  

The actual research will be carried out under the direction of Dr. Hatsumi Nagasawa with 

the collaboration of Dr. Joel Bedford at the Colorado State University, and by Drs. 

Edouard Azzam and Sonia de Toledo at the University of Medicine and Dentistry of New 

Jersey.  Dr. Little will advise on the planning of experiments and development of 

experimental protocols, the analysis of data, and the preparation of manuscripts for 

publication.  The Specific Aims for several of the planned experiments include:  1)  to 

extend studies of the role of recombinational repair in the bystander effect by examining 

other genes in this pathway and cell lines deficient in excision repair;  2) to continue 

studies to determine the nature of the damage signal transmitted to bystander cells 

including the expression of several connexins in the bystander response, and the extent to 

which the enhanced oxidative metabolism observed in bystander cells may relate to the 

nature of the transmitted bystander signal;  3) to utilize a genome-wide approach to 

examine the genetic basis for the hypersensitivity to ionization we have observed in 

unaffected parents of patients with hereditary retinoblastoma, as well as from a group of a 

apparently normal individuals that show similar radiosensitivity;  4)  to complete studies 

concerning the induction of high frequencies of cells with massive chromosome damage 

in clonal derivatives of p53 and p21 knockout mouse cell lines;  in particular to examine 

the role of telomere changes in this phenomenon.  Overall, the results of these studies 

should enhance our understanding of the risk of low dose exposures to ionizing radiation, 

including human populations to residential radon as well as occupational exposures.   

 

OVERALL OBJECTIVES AND SPECIFIC AIMS: 

 The objectives of this application are to provide administrative support and travel 

funds to allow the continued participation of the Principal Investigator as an advisor to 



research initiated by three research fellows in his laboratory who have since moved on to 

other Universities.  The actual research will be carried out under the direction of Dr. 

Hatsumi Nagasawa at the Colorado State University with the collaboration of Dr. Joel 

Bedford, and by Drs. Edouard Azzam and Sonia de Toledo at the University of Medicine 

and Dentistry of New Jersey/New Jersey Medical School.  The role of the P.I. will 

involve:  the discussion of experimental approaches with these investigators; offering 

advice on the planning of experiments and the development of experimental protocols; 

the analysis of data; and aid in the preparation of manuscripts for publication. 

 

  

Research Summary: 

 

In earlier research, we showed that the non-homologous end joining DNA repair pathway 

was involved in the bystander effect for both chromosomal aberrations and specific gene 

mutations.  Based on these and other findings, we hypothesized that the marked 

sensitization of repair-deficient bystander cells to the induction of these genetic changes 

was a consequence of unrejoined DNA double-strand breaks occurring as a result of 

clustered damage arising from opposed oxidative lesions and single strand breaks.  

Indeed, the mutations induced in bystander cells deficient in the NHEJ pathway were 

almost entirely point mutations, consistent with oxidative base damage.  Recently, we 

have examined the effect in cells deficient in homologous recombination, an error-free 

process that occurs in the late S and G2 phase of the cell cycle.  We examined both the 

induction of chromosomal aberrations and sister chromatid exchanges (SCE), a process 

that occurs in late S and G2 cells.  Whereas a prominent bystander response for the 

induction of SCE was observed in both wild type and NHEJ deficient cells, no significant 

induction of SCE was observed in HR deficient bystander cells.  The induction of 

chromosomal aberrations in these latter cells was minimal and similar to that of wild type 

cells.  Based on these findings, we hypothesize that HR is essential for the induction of 

SCE in bystander cells; however, HR is unable to repair the DNA damage induced in 

NHEJ-deficient bystander cells that leads to either SCE or chromosomal aberrations. 

 

 We have continued our studies of the role of oxidative stress in the bystander 

response, especially as it relates to the nature of the transmitted signal and the cell cycle.  

Earlier we presented results to support the hypothesis that superoxide and hydrogen 

peroxide produced by flaving containing oxidase enzymes mediate the action of several 

stress inducible signaling pathways in bystander cells.  We have been examining the role 

of reactive oxygen species (ROS) generated by flavine-oxidase enzymes in progression 

through the cell cycle in normal human and rodent diploid fibroblasts.  Inhibition of 

NAD(P)H-oxidase induced a G1 checkpoint which was partially dependent on p53 and 

entirely dependent on ATM and WAF1.  Overall the results to date suggest a critical 

function for ATM in the modulation of normal cellular proliferation by flavine-oxidases.   

 

 Another project has been designed to gain a better understanding of the extent of 

the differences in susceptibility among individuals exposed to low doses of ionizing 

radiation.  This has involved a genome-wide approach to identify genes involved in cells 

from individuals that show unusual sensitivity to the cytotoxic effects of radiation 



exposure.  This project developed from earlier work in the P.I.’s laboratory showing that 

skin fibroblasts derived from all of the parents of five (5) patients with hereditary-type 

retinoblastoma (Rb) were abnormally sensitive to ionizing radiation.  In collaboration 

with Drs. Eric Chuang and Chuan Yuan Li, we carried out gene expression profiling of 

these sensitive cells from the parents of Rb patients.  By use of DNA microarray 

technology, we observed distinct differences in expression in as few as 9 out of nineteen 

thousand (19,000) genes examined.  Four known and functionally characterized genes 

from this group were selected to compare their expression between normal and 

moderately radiosensitive cell strains by use of RT-PCR.  PLK1 expression levels were 

consistently two- to five-fold greater than that for samples from normal individuals.  

PLK1 is a critical regulator of the cell cycle, and exhibits aberrant expression in various 

human tumors.  Three other genes identified in the expression array studies include 

insulin-like growth factor-binding proteins (IGFBP-5 and IGFBP-7)  and Type  IV 

collagen alpha 1 (COL4A1) are currently under investigation.  Preliminary RT-PCR data 

samples from the Rb families for these three genes also appear to display distinctive 

expression pattern relative to controls.  These preliminary results are being confirmed in 

current studies. 

 

 Of particular interest, the COL4A1 gene was previously observed in our studies to 

be down-regulated (7-fold) in bystander cells present in cultures exposed to low fluence 

alpha particles (mean dose of 1 cGy).  Consistent with radiosensitivity of cells from 

parents of Rb patients, DNA damage, up-regulation of stress responsive proteins and an 

induced G1 checkpoint was observed in bystander cells.  These unexpected results render 

the fibroblasts that we isolated from the parents of Rb patients ideal to investigate the 

mechanisms underlying the bystander response, and will further foster collaboration 

among former fellows and students from the P.I.’s laboratory.   

 

 In studies designed to examine the sensitivity of cells from these unaffected 

parents to low dose rate irradiation, we included a large group of cell strains derived from 

apparently normal individuals as controls.  Interestingly, approximately 30% of these 

strains appeared moderately hypersensitive, in the same general range as those from the 

Rb parents.  This observation is consistent with earlier results from the P.I.s laboratory.  

Future research will be designed to determine the similarity of the defect among cells 

from these apparently normal controls to that observed in the Rb parents.  In order to 

examine the possible role of a defect in DNA processing in these cells, we employed the 

gamma-H2AX foci assay that reflects the presence of DNA double-strand breaks.  We 

first showed that this assay revealed ATM haploinsufficiency in mice, by use of cells 

from mice that were normal, heterozygous, or homozygous recessive for a truncating 

mutation in the ATM gene exposed to low dose irradiation.  We propose that this assay 

may provide a relatively straightforward means for distinguishing cell strains that may be 

mildly hypersensitive to radiation such as observed for cells from ATM heterozygous 

mice.  More recently, we utilized this assay to reveal a DNA double strand break 

rejoining defect in cells from human ATM heterozygotes.  In current research we are 

utilizing the gamma-H2AX foci assay search for a defect in double strand break 

processing in the cells from the unaffected parents of Retinoblastoma parents as well as 

other apparently normal humans.  Preliminary results suggest that such a defect indeed 



exists in the Rb parents, as well as several cell strains from apparently normal 

individuals. 
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