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Abstract
Humans are daily exposed to background radiation and 
various sources of oxidative stress. My research has 
focused in the last 12 years on the effects of ionizing 
radiation on DNA, which is considered as the key target 
of radiation in the cell. Ionizing radiation and endog-
enous cellular oxidative stress can also induce closely 
spaced oxidatively induced DNA lesions called “clusters” 
of DNA damage or locally multiply damage sites, as first 
introduced by John Ward. I am now interested in the 
repair mechanisms of clustered DNA damage, which is 
considered as the most difficult for the cell to repair. A 
main part of my research is devoted to evaluating the 
role of clustered DNA damage in the promotion of car-
cinogenesis in vitro  and in vivo . Currently in my labora-
tory, there are two main ongoing projects. (1) Study of 
the role of BRCA1 and DNA-dependent protein kinase 
catalytic subunit repair proteins in the processing of 
clustered DNA damage in human cancer cells. For this 
project, we use several tumor cell lines, such as breast 
cancer cell lines MCF-7 and HCC1937 (BRCA1 defi-
cient) and human glioblastoma cells MO59J/K; and (2) 
Possible use of DNA damage clusters as novel cancer 
biomarkers for prognostic and therapeutic applications 

related to modulation of oxidative stress. In this project 
human tumor and mice tissues are being used.
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Biology in the Department of  Biology at East Carolina 
University (ECU), Greenville, NC, USA. He received his 
bachelor’s degree with honors in physics at the University 
of  Athens, Greece in 1992 (Figure 1). He pursued post-
graduate studies in molecular and cellular biology at the 
Institute of  Biology, NCSR “Demokritos” in 1993. Fol-
lowing postgraduate studies, Dr. Georgakilas received his 
doctorate with honors in radiation biology on the “Effects 
of  α-particles radiation on mammalian DNA” in the De-
partment of  Biology at the University of  Athens, Greece 
in 1998. Subsequently, Dr. Georgakilas was a postdoc-
toral research associate in the Institute of  Biology, NCSR 
“Demokritos” (1999-2000) and in the Department of  
Physics, Health and Medical Physics Group, University of  
Athens, as well as Aretaion Oncological Hospital in Ath-
ens, Greece (2000-2001). Additionally, at the Brookhaven 
National Laboratory, Dr. Georgakilas completed post-
doctoral research as an associate in the Biology Depart-
ment from 2001-2003 under the supervision of  Dr. Betsy 
Sutherland. He was supported by Fellowship awards, in-
cluding the ESRB 1996 Fellowship, European Radiation 
Research Society Fellowship, NATO Fellowship, Gordon 
Fellowship, and Post-Doctorate Fellowship of  the Greek 
Secretariat of  Technology. He has also received awards 
such as the Young Investigator Travel Award from Radia-
tion Research Society, Radiation Research Society SIT 
Award, ECU Thomas Harriot College Research Award, 
and Terashima Award from the Japan Radiation Research 
Society. Dr. Georgakilas has participated and presented to 
many international meetings, numerous national meetings 
of  Greek and US Scientific Societies, has more than forty 
(40) publications in peer-reviewed scientific journals, and 
has many publications in books and conference proceed-
ings from international meetings. 

ACADEMIC STRATEGY AND GOALS
Over recent years, Dr. Georgakilas’ research group at 
ECU has developed a reliable methodology for the study 
of  clustered DNA lesions at the cellular or tissue level 
using human or bacterial DNA repair enzymes based on 
the pioneering work of  Dr. Sutherland B[1]. There are 
limited data on the use of  the DNA damage molecular 
assays for the detection of  bi-stranded non-double strand 
break (DSB) oxidative clustered DNA lesions (OCDLs) 
in vitro or in vivo. Dr. Georgakilas’ work has provided a 
novel adaptation of  neutral single cell gel electrophoresis 
(comet assay) or pulsed field gel electrophoresis to mea-
sure these unique types of  lesion and their repair. Thus 
far, Dr. Georgakilas’ research has contributed to the iden-
tification of  novel DNA repair pathways for OCDLs, as 
well as uncovering different strategies that these muta-
genic and repair resistant lesions are processed by the cell 
or human tissue[2]. In this way, meaningful insights can be 
discovered for the biological and clinical application of  
DNA damage clusters[3]. 

ACADEMIC ACHIEVEMENTS
The following contributions highlight Dr. Georgakilas’ 

activities in the field of  oxidative stress and DNA dam-
age repair.

Detection of OCDLs in vivo: potential clinical 
applications
Dr. Georgakilas and his team through collaborations 
with various elite research groups (ECU, NCI) have taken 
advantage of  the properties of  human repair enzymes 
OGG1 (oxidized purines), EndoIII (oxidized pyrimidines) 
and APE1 (abasic sites) in order to detect a variety of  bi-
stranded OCDLs in human and mouse tissues, using ad-
aptations of  DNA gel electrophoresis[4-8]. The concepts in 
DNA cluster quantification are simple, but their execution 
is technically and analytically demanding. Dr. Georgakilas’ 
group, using novel adaptations of  DNA gel electrophore-
sis, has been able to provide to the scientific community 
relatively easy and reliable methodologies for the detec-
tion of  OCDLs in a variety of  cell and tissues[3,9-11]. In 
early 2007, Gollapalle et al[4] showed for the first time  
in vivo that X-rays can induce a radiation-delayed effect in 
mice several weeks after the initial irradiation. In addition, 
they showed evidence of  bystander or so- called distal ef-
fects[12]. In a later study, Nowsheen et al[5] showed that, in 
the majority of  human tumor cases examined, there were 
higher levels of  OCDLs in tumors compared with normal 
tissues. These data suggest for the first time the impor-
tance of  endogenous non-DSB clusters in human can-
cer and their potential use as cancer biomarkers. Finally, 
Redon et al[6] at NCI, have published a seminal paper in 
Proceedings of  the National Academy of  Sciences USA, target-
ing the induction of  OCDLs and DSBs in tumor-bearing 
mice. Specifically, they showed for the first time, that 
tumors induce via a cytokine CCL2-mechanism clustered 
DNA damage in distant tissues, with proliferative organs 
being more susceptible to DNA damage induction.

OCDL repair pathways in human cells: biological 
significance
Dr. Georgakilas’ group has been able to show the in-
volvement of  specific DNA repair pathways and proteins 
in the processing of  OCDLs after exposure to radiother-
apy-relevant doses of  ionizing radiation. Peddi et al[13],  
Georgakilas[14] and Peddi et al[15] showed for the first time 
the involvement of  DNA-dependent protein kinase 
catalytic subunit (DNA-PKcs) in the processing of  non-
DSB clusters. DNA-PKcs plays an important role during 
the processing of  DSBs, but it has also been shown that 
DNA-PKcs deficiency similar to that in human tumors 
can lead to significant accumulation of  OCDLs in a va-
riety of  human normal and malignant cells. In another 
study, Holt et al[16] showed that MSH2 (mismatch repair 
protein) is involved in the repair of  OCDLs. MSH2 
mutations have been identified in acute lymphoblastic 
leukemia (ALL), as well as in other types of  cancer. In 
that study, the research model involved two precursor B 
(pre-B) ALL human cell lines, NALM-6, homozygous 
null for MSH2, and wild-type 697 cells. Using a modified 
version of  neutral and alkaline single cell gel electro-
phoresis with Escherichia coli repair enzymes as damage 
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probes, the processing capacity of  single-strand breaks, 
DSBs and OCDLs was assessed in NALM-6 and 697 
cells exposed to a radiotherapy-relevant gamma-ray dose 
of  5 Gy. It has been suggested that MSH2 is probably 
involved in the processing of  the biologically significant 
clustered DNA damage, as well as apoptosis induced by 
ionizing radiation. Hair et al[17] have shown the enhance-
ment of  chromosomal instability through BRCA1-based 
DNA repair defects. These results further support the 
biological significance of  repair-resistant clustered DNA 
damage leading to chromosomal instability. The current 
results combined with previous findings[18] enhance the 
potential association of  OCDLs with breast cancer de-
velopment, especially in the case of  BRCA1 deficiency 
leading to the survival of  breast cells carrying a high load 
of  unrepaired DNA damage clusters. In a recent study, 
Baird et al[8] showed that mild hypothermia (30℃) can 
modulate in a beneficial way the repair and toxic effects 
of  clustered DNA lesions ex vivo.

CONCLUSION
Human cells in tissues and organs are continuously 
subjected to high oxidative stress and reactive oxygen 
species on a daily basis. This free radical attack can have 

exogenous or endogenous (intracellular) origin. The cells 
withstand and counteract this occurrence by the use of  
several and different defense mechanisms, ranging from 
free radical scavengers such as vitamins C and E and an-
tioxidant enzymes such as catalase, superoxide dismutase 
and various peroxidases, to sophisticated and elaborate 
DNA repair mechanisms[19]. The outcome of  this dynam-
ic equilibrium is the induction of  oxidative DNA damage 
that is dangerous for the cell, i.e. complex lesions such as 
DSBs and other non-DSBs that generate OCDLs[2,20-24]. 
The accumulation of  DNA damage through misrepair 
or incomplete repair may lead to mutagenesis, chromo-
somal instability, and consequently, transformation, par-
ticularly if  combined with a deficient apoptotic pathway 
(p53 mutations) (Figure 2). In this review, we present the 
current status of  knowledge and evidence on the mecha-
nisms and involvement of  intracellular oxidative stress 
and DNA damage in human malignancy evolution, and 
possible use of  these parameters as cancer biomarkers. 
Overall, Dr. Georgakilas’ research has provided a better 
understanding of  the key mechanistic aspects of  repair 
of  DNA damage clusters, and evidence of  the mecha-
nisms and involvement of  intracellular oxidative stress 
and DNA damage in human malignancy evolution and 
possible use of  these parameters as cancer biomarkers.

175 July 26, 2011|Volume 2|Issue 7|WJBC|www.wjgnet.com

Figure 2  A proposed model for the processing of bi-stranded oxidative clustered DNA lesions in human cells and tissues. Endogenous (metabolic byprod-
ucts) and/or exogenous (e.g. radiation, chemicals) oxidative stress induces different types of clustered lesions (A and B), as well as prompt double strand breaks (DSBs) 
(C). Here for simplicity, one type of oxybase (A) and abasic (B) clusters is shown i.e. the oxybase cluster containing only oxybases and the abasic cluster containing 
one oxidized base and one abasic (AP) site. The highlighted arrows indicate the preferred repair pathways based o n present knowledge, and accepting the hypothe-
sis that the human cell will try to avoid the pathway of simultaneous repair of both lesions leading to DSB formation (Ⅲ). Instead, it is suggested that pathway (Ⅰ) may 
be chosen and clusters will be repaired efficiently. Alternatively, cells may enter DNA replication without clusters being repaired, and in that case, although bi-stranded 
clusters cannot be detected, the existence of DNA lesions can lead to accumulation of oxidative DNA damage and mutations (Ⅱ). Chromosomal instability can occur, 
along with potential transformation and malignancy. Finally, the formation of DSBs may lead to cell death or genomic instability if not repaired efficiently as shown.
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