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This collection of articles was inspired by the long-
standing relationship between the Environmental
Mutagen Society and Latin American scientists,
and by the program for the 39th Environmental
Mutagen Society meeting in Puerto Rico in 2008,
which included a symposium featuring ‘‘South of
the border’’ scientists. This collection, compiled by
Graciela Spivak and Ofelia Olivero, both origi-

nally from Argentina, highlights scientists who
work in or were trained in Latin American coun-
tries and in Puerto Rico in a variety of scientific
specialties related to DNA repair and cancer sus-
ceptibility, genomic organization and stability,
genetic diversity, and environmental contami-
nants. Environ. Mol. Mutagen. 51:763–773,
2010. VVC 2010 Wiley-Liss, Inc.
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INTRODUCTION

The Environmental Mutagen Society (EMS) has a long

history of outreach to scientists and organizations that are

concerned with mutagens in the environment in develop-

ing countries. In this 40th anniversary year, the EMS cel-

ebrates achievements in a number of areas, in which the

training, education, and mentoring of scientists and sci-

ence students worldwide has been a very important part.

These activities, which are garnering renewed enthusiasm

within the EMS, are pivotal for the generation of ‘‘global

scientists.’’ The founding members of the EMS (Hol-

laender, de Serres, Malling, Legator, Freese, and Epstein

[Wassom, 1989]) were particularly concerned about the

potential genetic impact associated with the proliferation

of man-made chemicals. Among those individuals, Hol-

laender was perhaps the most profoundly influential in

promoting scientific communications between the United

States and Latin America.

In 1961, nearly half a century ago, Hollaender initiated

the Latin American Symposia, a program that promoted

scientific exchanges between Latin America and Oak

Ridge National Laboratories, of which he was the director

[von Borstel, 1987].

Hollaender also organized a number of training courses

in a variety of regions including Latin America, in the

1960s–1980s, but these programs ceased after his death in

1986. The courses were reinitiated in 1993, under the title
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‘‘Alexander Hollaender Courses,’’ with the meeting

organized by Patricia Ostrowski, Michael Shelby, David

DeMarini, and Regina Montero in México City. Since

then, these courses have taken place nearly every year in

countries in which environmental mutagenesis and health

issues are major concerns. A complete list of the work-

shops is shown in Table I; six of them were held in Latin

America. Two upcoming courses are also planned for

Latin American locations: Viña del Mar, Chile in 2010,

and Montevideo, Uruguay in 2011.

Another series of International Conferences on Environ-

mental Mutagens in Human Populations (ICEMHP) was

initiated by Drs. W. Au and A. Wagida in 1987 with the

purpose of bringing the latest information and technology

to less developed areas of the world. The first conference

was held in Cairo, Egypt in 1992, and subsequent ones in

Prague, Czech Republic (1995), Bangkok and Khao Yai,

Thailand (1998), and Florianopolis, Brazil (2003) were

just as successful in establishing links and collaborations

between scientists. The EMS is one of several organiza-

tions that continue to play an important role as sponsor

for these conferences.

Without the vision of the founders and their legacy, the

efforts and contributions of many scientists in Latin

America would have been more difficult to achieve. The

creativity and ability to think ‘‘out of the box’’ among

Latin American scientists has brought many talented indi-

viduals to be recognized outside of their native countries,

and in occasions to earn prestigious international awards,

including the Nobel prize.

The program for the 39th Environmental Mutagen Soci-

ety meeting in Puerto Rico in 2008 included a symposium

showcasing Latin American scientists, in recognition of

the unique opportunities presented by the Puerto Rican

venue to highlight ‘‘South of the border’’ scientists. This

session was designed to feature speakers who work in or

were trained in Latin American countries in a variety of

scientific specialties related to DNA repair and cancer

susceptibility, genomic stability and organization, genetic

diversity, and environmental contaminants.

We, co-chairs of that symposium, were invited to pre-

pare a manuscript on the Latin American perspective on

the role of EMS in improving human health, for this spe-

cial issue. We decided to let the Latin American scientists

speak for themselves: for this collection of papers we

have invited outstanding investigators, including some

of the participants in the session mentioned earlier, to

describe the areas of interest and the research currently

being carried out in their laboratories. Their contribu-

tions are listed in alphabetical order by country or

region of origin; Dr. Zamorano-Ponce’s perspective on

the history of mutagenesis-focused groups in Latin

America concludes the series.

Once again, we and many scientists in Latin America

would like to express gratitude for the generous support

of our careers by the EMS, and we applaud those EMS

members who have held and continue to hold a vision for

the successful future of Latin American scientists.

Drs. Olivero and Spivak.

ARGENTINA

A Pesticide or Its Commercial Formulation,
Which Is More Deleterious?

Marcelo L. Larramendy and Sonia Soloneski

Living species are unavoidably exposed to pesticides,

which represent a significant concern at both ecological

and public health levels due to their toxicity. Furthermore,

agrochemicals are ubiquitous on the planet because

anthropic activities are continuously introducing extensive

amounts of these compounds into the environment

Environmental and Molecular Mutagenesis. DOI 10.1002/em

TABLE I. Alexander Hollaender Courses

Year City Country Chair(s)

1993 México City Mexico Patricia Ostrosky-Wegman

1994 Buenos Aires Argentina Marta A. Carballo

1996 Cape Town South Africa Wagida Anwar

1997 Cairo Egypt Wagida Anwar

1998 Curitiba Brazil Lucia R. Ribeiro

1999 Harare Zimbabwe Julia Hasler

2000 Popayán Colombia Luz Stella Hoyos

2001 Shanghai China Jerry Shey

2002 Warsaw Poland Antonina Cebulska-Wasilewska

2004 Iasi Romania Luminita S. Iancu

2005 Fez Morocco Fatma Squali

2006 Concepción Chile Enrique Zamorano-Poncea

2007 Cartagena Colombia Helena Groot

2008 Kolkata India Ashok Giri and William Au

2009 Astana Kazhakstan R. Bersimbayev, T. Shalakhmetova, and W. Au

Courses carried out in Latin American countries are shown in bold type.
aZamorano-Ponce, 2008.
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(www.epa.gov). In epidemiological as well as in experi-

mental genotoxic and cytotoxic studies, there is an

increasing interest in biomonitoring markers to provide

both a measurement and an estimation of biologically

active/passive exposure to genotoxic pollutants. Despite

the beneficial effects associated with the agricultural and

household use of agrochemicals, many of them may rep-

resent potential hazards due to the contamination of food,

water, and air, which can result in severe health problems

for humans and ecosystems [WHO, 2006]. Studies in

developed countries have demonstrated the annual inci-

dence rates of pesticide intoxication in agricultural work-

ers to be 182 per million full time workers [Calvert et al.,

2004] and 7.4 per million among schoolchildren [Alarcon

et al., 2005]. Yet, cases of pesticide intoxication may

result from various causes in different regions of the

world. In emerging countries, where there is insufficient

regulation, lack of surveillance systems, less enforcement,

lack of training, inadequate access to information systems,

poorly maintained or nonexistent personal protective

equipment, and larger agriculturally based populations,

the incidences are expected to be higher [IFCS, 2003].

The use of pesticides banned in industrialized countries,

in particular highly toxic pesticides as classified by WHO

[2006], obsolete stockpiles and improper storage techni-

ques may provide unique risks in the developing world

[FAO, 2003], where 25% of the global pesticide produc-

tion is consumed [WHO, 2006]. In Argentina, e.g., avail-

able official data revealed that 79% of the intoxications

due to pesticides are related with the use of herbicides,

followed by insecticides and fungicides (www.msal.

gov.ar).

In agriculture, pesticides are generally not used as a

single active ingredient but as part of a complex commer-

cial formulation. In addition to the active component, the

formulated products contain different solvents and adju-

vants, some of which have been reported to induce dam-

age in mammalian cells, among others [Lin and Garry,

2000; Soloneski et al., 2008; González et al., 2007, 2009;

Molinari et al., 2009]. Hence, risk assessment must also

consider additional toxic effects caused by the excipient/s.

Thus, both the workers and non-target organisms are

exposed to the simultaneous action of the active ingredi-

ent and a variety of other chemical/s contained in the for-

mulated product.

We evaluated comparatively the genotoxic and cyto-

toxic effects exerted in mammalian cells in vitro by sev-

eral pure pesticides and their technical formulations com-

monly used in Argentina. Among them are included the

herbicides 2,4-D and 2,4-D DMA1, Dicamba and Ban-

vel1, the fungicides Zineb and Azzurro1, the insecticides

Carbofuran and Furadan1, Pirimicarb and Aficida1, and

the endectocides Ivermectin and Ivomec1. The sister

chromatid exchange, cell-cycle progression, structural

chromosomal aberrations, comet, spindle disturbances,

micronuclei, mitotic index, MTT, and neutral red assays

were used as end-points for geno- and cytotoxicity in sev-

eral cell systems (human fibroblasts and lymphocytes, and

mammalian cell lines). The results clearly demonstrated

that the damage induced by the commercial formulations

is in general greater than that produced by the pure pesti-

cides, suggesting the presence of deleterious components

in the excipients with a toxic additive or/and synergic

effect over the pure agrochemicals (Table II). Further-

more, the results highlight the following: (1) a complete

knowledge of the toxic effect/s of the active ingredient is

not enough in biomonitoring studies; (2) pesticide/s toxic

effect/s should be evaluated according to the commercial

formulation available in the market; (3) the deleterious

effect/s of the excipient/s present within the commercial

formulation should not be ignored nor underestimated;

and (4) a single bioassay is not enough to characterize the

toxicity of an agrochemical under study. These studies

were funded by the National University of La Plata

(Grants N8 11/N493 and 11/N564) and the National

Agency of Scientific and Technological Promotion (Grant

BID PICT 2004 N8 26116) from Argentina.

Centrosome Amplification: A New Endpoint?

Ofelia A.Olivero

Patients infected with the human immunodeficiency vi-

rus 1 (HIV-1) undergo therapy with antiretroviral nucleo-

side reverse-transcriptase inhibitors (NRTIs), among

which azidothymidine (AZT) is used frequently. AZT

becomes incorporated into DNA, where it causes muta-

tions as well as changes in cell cycle and gene expression,

and induces S-phase arrest, micronuclei, chromosomal

aberrations, sister chromatid exchanges, and telomeric

attrition (reviewed in [Olivero, 2007, 2008]). A predicted

consequence of these events is genomic instability, which

together with clastogenicity may contribute to the carcino-

genic potency of AZT. One measure of genotoxicity is

centrosomal amplification. Localized by pericentrin anti-

body [Peloponese et al., 2005], and evidenced by cells

containing >2 centrosomes, this endpoint is also an evi-

dence of chromosomal instability [Pihan et al., 1998].

When NRTIs were used in human cells (NHMECs)

exposed to two concentrations—a plasma level dose and

a dose 10-fold higher—centrosomal amplification was

observed in 31.7% of cells exposed to 200 lM AZT for

24 hr and 5.8% of unexposed cells. On the other hand,

NHMEC 40 cells, which did not incorporate AZT into

DNA, showed centrosomal amplification in 20.0% of

AZT-exposed cells and 7.8% centrosomal amplification in

unexposed cells. Similar levels of centrosomal amplifica-

tion were observed in NHMEC strains 05 and 40 exposed

to the NRTIs 20,30-dideoxyinosine (ddI), 20,30-dideoxy-30-
thiacytidine (3TC), and 20,30-didehydro-20230-dideoxythy-
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zá
le
z
et

al
.,
2
0
0
7

B
an
v
el
1

(5
7
.7
%
)

C
H
O
-K

1
1
.6

8
1
.3

0
.9

D
ic
am

b
a

H
u
m
an

ly
m
p
h
o
cy
te
s

1
.4

0
.2

0
.7

G
o
n
zá
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midine (D4T). This novel mechanism of genotoxicity

could be a useful tool to determine the potential aneu-

ploidizing ability of an agent. In that regard, experiments

conducted in our lab showed that plasma equivalent doses

of AZT and 3TC (lamivudine), administered in vivo to

adult pregnant patas monkeys (Erythrocebus patas)
induced chromosomal losses in the dams. Recent experi-

ments revealed that bone marrow fibroblasts (derived

from mesenchymal cells) obtained from infants born to

patas dams exposed to human-equivalent doses of either

no drug or NRTIs could be stained with the CREST anti-

body to identify the presence of centromeric proteins,

revealing intact chromosomes. The percentage of cells

with kinetochore-positive micronuclei observed was

0.15% in cells from the unexposed monkey, and 0.77%

and 0.90% in cells from 3TC/AZT-exposed newborns and

1-year-old infants. This finding suggests the existence of

an NRTI-induced malfunction in chromosomal segregation

occurring in fetal bone marrow as a result of transplacental

drug exposure. Therefore, genotoxicity induced by the NRTIs

occurs not only after incorporation into DNA, but also by

interacting with the mitotic spindle to generate aneuploidy, a

novel mechanism of NRTI-induced genotoxicity.

Cockayne Syndrome, UV-Sensitive Syndrome, and
Transcription Past Oxidative DNA Lesions

Graciela Spivak

Our research is focused on the repair of DNA modifica-

tions due to environmental and endogenous mutagens that

can lead to malignancy. We are particularly interested in

how human cells process DNA lesions through the global

genomic repair (GGR) and transcription-coupled repair

(TCR) pathways. Cockayne syndrome (CS) is a human

hereditary disease with multiple, severe symptoms that

include growth failure, microcephaly with mental retarda-

tion, and premature death. UV-sensitive syndrome

(UVSS) is another hereditary disease with mild clinical

manifestations and without neurological or developmental

abnormalities. CS and UVSS are genetically heterogene-

ous, in that they appear in individuals with mutations in

CSB or in CSA, or in a still unidentified gene for UVSS

[Spivak, 2005; Nardo et al., 2009]. Cells from UVSS and

CS exhibit similar hypersensitivity to UV, which results

from defective TCR of photoproducts in expressed genes

[Spivak et al., 2002]. Interestingly, no predisposition to

skin cancer has been reported for either of these syn-

dromes.

The severity of the symptoms in CS patients may be

caused by a defect in processing of base damage gener-

ated by endogenous reactive oxygen species, with conse-

quent premature cell death in tissues undergoing intense

metabolic activity, while UVSS patients may be proficient

in such pathways. In support of this idea, we have shown

that CS cells (but not UVSS cells) are hypersensitive to

the oxidants hydrogen peroxide, potassium bromate, and

menadione [Spivak and Hanawalt, 2006; Nardo et al.,

2009]. Using a host cell reactivation (HCR) assay with

UV-irradiated plasmids, we found that expression of the

plasmid-encoded lacZ gene is reduced in the TCR-defi-

cient CS-B and UVSS cells. When the plasmids contained

the oxidative base lesions thymine glycol or 8-oxo-7,8-

dihydroguanine (8-oxoG), CS cells were defective in re-

covery of expression, whereas UVSS cells exhibited levels

of expression similar to those in wild-type cells [Spivak

and Hanawalt, 2006].

Although TCR through nucleotide excision repair has

been clearly established for DNA damage induced by

ultraviolet light and a number of chemical carcinogens,

the evidence for TCR of oxidative base damage (through

base excision repair) remains controversial. Our favored

model for the mechanism of TCR implicates an arrested

RNA polymerase to recruit an excision repair enzyme

complex to the transcription-blocking lesion. In support of

this model, a strong correlation between transcription

arrest by certain lesions in vitro and TCR of those lesions

in vivo has been found in most cases analyzed.

Transcription studies from several laboratories, includ-

ing our own, using DNA substrates containing a single

oxidized base positioned at a unique site in the template

strand, indicate that RNA polymerases can bypass these

lesions, pause transiently at the lesions with eventual

completion of full length products, or yield varying pro-

portions of full length and shorter transcripts, depending

upon factors such as the promoter, the polymerase, and

the nucleotide sequence surrounding the lesions.

To determine whether oxidative lesions may be subject

to TCR, we are defining which nucleotide sequence con-

texts are important, both for the generation of oxidative

base damage and with respect to the inhibition of tran-

scription. We carried out in vitro transcription reactions

with RNA polymerases (RNAP) and substrates treated

with methylene blue plus visible light (MB1VL) to

induce a random distribution of 8-oxoG. The 32P-labeled

products of the reactions are detected as discrete bands in

denaturing polyacrylamide gels. Our preliminary results

indicate that RNAP from phage T7, RNAPII purified

from rat livers, or human RNAPII from nuclear extracts

are arrested at defined sites within the damaged templates.

RNA sequencing in future experiments will allow identifi-

cation of the transcription arrest sites and correlation with

sites of oxidation in the templates; addition or depletion

of certain factors in the extracts will provide information

on their roles in transcriptional bypass of oxidized bases.

These studies let the biological system tell us which fac-

tors influence the generation of oxidative DNA damage

and the inhibition of transcription at particular positions

on the DNA template, and they provide an unbiased

approach for determining whether the repair of DNA

Environmental and Molecular Mutagenesis. DOI 10.1002/em
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lesions subject to the base excision repair pathway can be

coupled to transcription. This work was supported by a

grant CA91456 from the National Cancer Institute, US

Department of Health and Human Services.

BRAZIL

Identification of DNA Repair-Related Mutants in
Caulobacter crescentus

Carlos F. M.Menck

DNA repair and responses to DNA damage have been

extensively studied in bacteria, but these studies have

been limited to certain groups. The paradigm for these

studies has been the gamma proteobacteria Escherichia
coli, but other groups have also been investigated, such as

the firmicutes Bacillus subtilis (which has amazing resist-

ance to DNA damage in its dormant spores) and the dein-

ococcus-thermus Deinococcus radiodurans (which

presents extraordinary resistance to DNA damage agents)

[Frenkiel-Krispin and Minsky, 2006]. However, bacterial

genome projects revealed that several classical DNA

repair genes are absent for certain groups, indicating that

different strategies were also developed to prevent cell

death after genomic insult. Caulobacter crescentus
belongs to the alpha proteobacteria group and it has been

used as a model for bacterial cell cycle and differentiation

studies [Bowers et al., 2008]. The ability to synchronize

these cells makes them very attractive for investigations

on DNA damage responses in terms of cell cycle, as these

studies are not easily performed in other bacteria, includ-

ing E. coli. The in silico analysis of the C. crescentus ge-
nome indicated that many of the DNA repair pathways

are similar to those in E. coli; however, certain important

genes are absent and others are duplicated, disclosing dif-

ferences that are relevant to the understanding of how

bacteria deal with DNA damage [Martins-Pinheiro et al.,

2007]. This was partially confirmed with experiments in

vitro, with the discovery of a group of genes involved in

a different translesion DNA synthesis pathway (imuA and

imuB, absent in E. coli) and the characterization of the

SOS regulon in Caulobacter [Galhardo et al., 2005; da

Rocha et al., 2008]. Curiously, the analysis of the SOS

regulon was performed in a mutant with a disrupted lexA
gene, which is essential in E. coli. Thirty-seven genes

were identified as regulated by the LexA protein, includ-

ing many genes that encode for proteins that act in DNA

metabolism, and which were confirmed to be activated

under SOS induction, but two genes (that encode the well

known helicase DnaB and a hypothetical conserved pro-

tein) are intriguingly downregulated during the SOS

response.

To have a more complete picture of the genes involved

in the DNA damage responses in these bacteria, we have

decided to pursue a functional genomics approach. A sys-

tematic study was performed by screening a library of

�5,000 Caulobacter mutants, generated by Tn5 transpo-

son insertion, for those affected in DNA damage

responses. Two strategies were performed (illustrated in

Fig. 1): (1) detection of clones that presented increased

numbers of rifampicin colonies, which indicated a sponta-

neous mutator phenotype, and (2) decreased resistance to

genotoxic agents. In the latter strategy, two well-known

DNA damaging agents were used, UVB light irradiation

or methyl methane sulfonate (MMS) treatment, as they

normally affect different cell pathways, expecting that

this would disclose a larger range of genes and pathways

related to DNA damage responses. Less than 1% of the

clones (31) displayed a mutator phenotype, and the genes

were identified by DNA sequencing from the Tn5 inser-

tion. Even after highly restrictive conditions, four genes

were found to be involved in protecting cells from

increased spontaneous mutation frequency in Caulobacter.

However, 249 clones (�20%) were found to be sensitive

to UVB or MMS, indicating the relevance of the mainte-

nance of genetic stability under DNA damage stress.

Many of these clones (29) were sensitive to both treat-

ments. DNA sequencing succeeded for most of these

clones (135), and this led to the identification of 102 dif-

ferent genes.

Many of the genes identified using both strategies are

orthologs of genes known as related to the processing of

DNA damage in other bacteria, confirming that they

encode proteins with similar functions. However, many

other functional categories were also identified among the

selected clones. Membrane transport and cell energetic

metabolism were the functions mostly represented; muta-

tions in these genes may affect the oxidative stress in

these bacteria and saturate their DNA repair responses.

Genes related to gene regulation and signal transduction

were also detected in this screening, and they may be

intermediates of cell responses to DNA damage. Particu-

larly interesting are kinases, which may provide a clue on

how the processing of DNA lesions alerts the cells to con-

trol the cell cycle and remove the lesions, a phenomenon

basically unknown in bacteria, but well understood in

mammalian cells. Many of the genes identified in these

clones, however, were not ascribed a function (the

encoded proteins are classified in the functional category

of hypothetical or hypothetical conserved proteins). Thus,

the phenotypes observed in these experiments were the

first described for mutations in these genes and may give

the first clues to understanding their role in bacteria.

Finally, the ability to synchronize Caulobacter, the well

established techniques to analyze cell cycle in these bac-

teria, together with the availability of this collection of

mutants related to mutagenesis and DNA damage

responses, may provide tools to investigate how bacteria

coordinate their division processes under genotoxic stress
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conditions, which are situations they normally face in nat-

ural environments. This work was supported by FAPESP

and CNPq (Brazil).

PUERTO RICO

New Insights into the Role of DNA Repair in Breast Cancer

JaimeMatta

Cancer is the second leading cause of mortality in the

US, including Puerto Rico (PR). In women, breast cancer

(BC) is the most common invasive cancer worldwide.

Data from the Cancer Registry of PR revealed that BC

accounted for 31% of all cancers in women in 2003. This

represented 1,735 new cases and the highest cancer inci-

dence per organ in women. DNA repair capacity (DRC)

is a critical defense system aimed at protecting the integ-

rity and stability of the genome from the harmful effects

of cancer-causing agents, including endogenously gener-

ated free radicals [Murray and Berg, 2004]. The connec-

tion between defects in DNA repair and cancer suscepti-

bility has been known for many years, based on the phe-

notypes of those rare individuals afflicted with certain

rare, genetically determined clinical presentations. Epide-

miological studies among the broader population, using

functional repair assays in lymphocytes or other accessi-

ble cell types, have also demonstrated that DRC is highly

variable among individuals, and that a low repair capacity

is a significant risk factor for the development of several

types of cancers [Mohrenweiser and Jones, 1998; Matta

et al., 2003; Murray and Berg, 2004; Ramos et al., 2004;

Hu et al., 2007]. Associations between decreased DRC

and increased cancer risk among the general population

initially became apparent from studies using assays that

Environmental and Molecular Mutagenesis. DOI 10.1002/em

Fig.1. Strategy for the selection of Caulobacter mutated clones with phenotypes related to spontaneous mutagenesis and DNA damage responses.
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measure phenotypic repair of DNA damage induced by

some external agents, the use of plasmid or viral reactiva-

tion assays, or the measurement of levels and splicing pat-

terns of repair gene mRNAs and repair proteins [Murray

and Berg, 2004]. The main objectives of this study were

to (1) compare the DRC in women with and without

breast carcinoma (BC) in PR, and (2) obtain epidemiolog-

ical data from participants to determine risk factors for

breast carcinoma.

This study utilized an incident cases case–control

design; it began with recently diagnosed, histopathologi-

cally confirmed breast carcinoma cases that had not been

treated with radiotherapy and/or chemotherapy. DRC was

measured in lymphocytes using the host reactivation assay

with a luciferase reporter gene; activity was measured

using a luminometer [Matta et al., 2003; Wei et al.,

2003]. The percent DRC was calculated based on lumi-

nescence counts as the percentage of residual luciferase

gene expression (percentage luciferase activity) after

repair of damaged plasmid DNA compared with lumines-

cence obtained with undamaged plasmid DNA (100%).

The results are illustrated in Figure 2.

Breast cancer cases (n 5 209) had, on average, 53%

less DRC than controls (n 5 331) (P < 0.001, Mann–

Whitney U-test). After adjusting for all confounders

simultaneously, DRC was a strong predictor for BC. For

every unit of decrease in DRC relative to the mean, there

was a 64% higher likelihood of having BC. The DRC lev-

els were grouped as high, medium and low. The deleteri-

ous effect of low DRC increased from 2.39 (medium vs.

high) to 17.2 (low vs. high) more likelihood to have can-

cer (P < 0.01) (data not shown).

These findings support the hypothesis that a low DRC

is a risk factor for BC in the Puerto Rican women stud-

ied. All pathological types of BC studied were associated

with a lower DRC when compared to controls. DRC for

all tumor size categories were significantly lower than

DRC of controls (P < 0.05), but no significant differences

in DRC were found between the tumor size groups. In

terms of breast cancer grade, contrary to what was ini-

tially hypothesized, a lower tumor grade was associated

with slightly higher DRC reduction. This may be

explained by survival bias.

Age was an important predictor for BC. In average, we

found a 3.0% increase in the probability of having BC for

every year of age (OR 5 1.03, 95% CI: 1.02, 1.05), after

adjusting for DRC and other confounders simultaneously.

Other predictors significantly associated with BC (P <
0.05) were menopause that was a risk factor, endometrio-

sis and vitamin consumption that were protective factors.

The statistical significance for some of these variables

was lost after multiple adjustments, probably due to the

relatively small sample size we currently have for some

of these variables.

DRC is an independent and causally related risk factor

for BC because it is biologically plausible and shows a

strong association and a dose–response relationship after

adjusting for all confounders simultaneously. More studies

should be conducted to better understand the roles of

DRC in the development of BC, while this type of test

could be a useful marker in predicting BC risk in the pop-

ulation studied.

This study is supported by grants from the NCI Center

to Reduce Health Disparities and NIH-MBRS Program
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Fig. 2. Percent DRC of women in Puerto Rico with breast cancer (right panel) and controls (left panel).

The plasmid expression vector (pCMVluc) was treated in vitro with 700 J/m2 of UVC and transfected into

donors’ lymphocytes using DEAE-Dextran transfection reagent (Pharmacia). Luciferase activity was meas-

ured 40 hr after transfection.
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grant S06 GM008239-20 to Ponce School of Medicine

through Dr. J. Matta.

URUGUAY

Linking Genetic Damage to Gene Expression

Gustavo A. Folle

Human chromosomes are composed of alternate

Giemsa light (G-light) and dark (G-dark) bands, which

exhibit dissimilar DNA base content, gene richness, chro-

matin structure, replication timing, transcriptional activity

and interspersed repeated sequences. G-light bands (R-

bands) are G-C-rich, early-replicating, comprise mainly

active housekeeping genes and harbor short interspersed

repeated sequences (SINEs). Conversely, G-dark bands

(or G-bands) are A-T rich, late replicating, encode tissue-

specific genes and contain long interspersed repeated

sequences or LINEs [Holmquist, 1992].

It has been often claimed that active euchromatic G-

light bands are more damage-prone than G-dark bands,

even for clastogens with different mechanisms of action

such as ionizing radiation (IR), chemical compounds and

endonucleases [Folle et al., 1998].

Histone postranslational modifications such as H4

hyperacetylation (H41a) may critically influence gene

expression. Transcriptionally active chromatin regularly

shows H41a, while constitutive (C-bands) and facultative

heterochromatin (inactive X-chromosome, G-bands) are

normally underacetylated. Immunodetection of H41a

regions in metaphase chromosomes using fluorochrome-

tagged specific antibodies provides a cytogenetic marker

for gene expression [Jeppesen, 1997]. As expected, H41a

regions map preferentially to R- and T-bands (T banding

identifies the most gene-rich and G-C-rich bands of the

human genome, mapping to telomeres [Holmquist,

1992]). Some years ago, we described the colocalization

of H41a regions with breakpoint clusters induced by IR

(neutrons, gamma rays) and endonucleases (DNaseI, AluI,
and BamHI), thus revealing a marked sensitivity of tran-

scriptionally active domains to genetic damage in Chinese

hamster ovary (CHO) chromosomes [Martinez-Lopez et al.,

2001].

The extensive analysis of the Human Transcriptome

Map (HTM) has allowed the detection of chromosome

regions of increased gene expression (RIDGES) and the

presence of weakly transcribed domains (antiRIDGEs)

[Caron et al., 2001; Gierman et al., 2007].

We have mapped H41a chromatin regions according to

Jeppesen [Jeppesen, 1997], together with RIDGEs, anti-

RIDGEs, and transcriptome maps [Gierman et al., 2007]

onto human chromosome idiograms (850 bands). In addi-

tion, we positioned data on IR breakpoint clusters follow-

ing Barrios et al. [1989]. We investigated putative coloc-

alization patterns among active chromatin, gene expres-

sion levels, and radiation damage.

As expected, nearly all RIDGEs mapped to H41a chro-

matin. A total of 69 breakpoint clusters were aligned

along G-light or G-dark bands on chromosome idiograms.

We were able to determine that the majority of RIDGEs

(>60%) colocalized with IR breakpoint clusters. Con-

versely, only one-third of antiRIDGEs matched radiation

clusters exhibiting a lesser amount of breakpoints per

cluster when compared to RIDGEs. Moreover, 80% of all

radiation breakpoints (55/69) colocalized with H41a

regions.

These findings suggest a link between gene expression

and sensitivity to IR damage, giving further support to

previous results obtained in CHO cells. However, in

human chromosomes not only H41a regions seem to be

more susceptible to genetic damage but also the highly

expressed regions in the genome (RIDGEs).

We are presently mapping up- and downregulated tu-

mor genes to disclose potential links with the above-men-

tioned H41a/RIDGEs/IR clusters in human chromosomes.

Finally, since gene-rich and highly expressed chromosome

regions tend to reside in the inner portion of nuclei,

whereas gene-poor and inactive ones mostly dwell at the

nuclear periphery, we also are attempting to analyze the

impact of nuclear architecture in cluster generation.

We are greatly indebted to EMS, which has generously

provided financial aid for the participation of Uruguayan

researchers in two Alexander Hollaender (AH) Courses

and the EMS Meeting in Puerto Rico 2008. Moreover, we

also wish to thank the encouraging support of the AH

Committee to our proposal to hold an A. Hollaender

course in Montevideo in 2011.

CONCLUSION: CHILE

Balanced Influence of the EMS in the Development of
Mutagenesis Research in Latin America

Enrique Zamorano-Ponce, President, Latin American

Association of Environmental Mutagenesis, Carcinogene-

sis and Teratogenesis (ALAMCTA)

The history of Genetic Toxicology is rather recent,

with only 72 years since Muller discovered the mutagenic

effects of ionizing radiation in Drosophila [Muller, 1927],

and it is even shorter in Latin America where the first

publications in this area appeared in the late 70s [Taka-

hashi, 1976] and early 80s [Dulout et al., 1980; Ostrosky-

Wegman et al., 1984]. Brazil, México, and Argentina

were the first countries in which mutagenesis interest

groups were organized; these groups played a decisive

role in the development of the field in those countries and

in others. However, in the 21st century, it is evident that

there are vast differences in the scientific area of muta-
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genesis between the Latin American countries, due to dif-

ferences in the percentage of the gross national income

(GNI) that each country devotes for scientific and techno-

logical advancement. For example, Brazil invests 10-fold

more of its GNI for scientific research than Colombia,

Peru and Ecuador. The countries that invest the most in

the region are Brazil, Argentina, Chile, Cuba, and Costa

Rica, while in the remaining countries the amounts are

marginal [Larrea, 2006].

On June 9, 1980, a visionary group of Latin American

scientists met in Puebla, México, and organized the Latin

American Association of Environmental Mutagenesis,

Carcinogenesis, and Teratogenesis (ALAMCTA), to repre-

sent scientists involved in research on genetic damage

induced by environmental chemical and physical agents,

on its mechanisms, its effects as well as its prevention,

and to promote the application of that knowledge in geno-

toxicity assays of natural, pharmaceutical, and agricultural

products. Since then the advances experienced in some

areas have been significant. Today, we can verify the ex-

istence of established groups in some countries, and the

seeds of groups in others. ALAMCTA today involves sci-

entific societies that promote the advance of mutagenesis

studies in Brazil, Mexico, Argentina, Colombia, Bolivia,

Paraguay, and Chile. The Environmental Mutagen Society

was instrumental in this development, through activities

such as the Alexander Hollaender courses, which have

inspired dozens of academics, undergraduate and graduate

students as well as postdoctoral fellows to orient their

studies toward the area of mutagenesis. This has empow-

ered the local scientists and has given them identity and a

better sense of the regional realities that merit scientific

examination.

ALAMCTA wishes to extend to the EMS Executive

Directors and to its members its most heartfelt salutation

on this special anniversary, and its appreciation for the

constant assistance that has been provided. We express

our wish to continue the North-South collaborations that

are crucial for the objective of giving continuity to the de-

velopment achieved thus far, sharing our strengths,

increasing the numbers and improving the qualifications

of our professional experts, while maintaining our respec-

tive national identities.
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ML. 2008. Genotoxic and cytotoxic effects of carbofuran and

furadan1 on Chinese hamster ovary (CHOK1) cells. Mutat Res 656:

68–73.

Spivak G. 2005. UV-sensitive syndrome. Mutat. Res. 577:162–169.

Spivak G, Hanawalt PC. 2006. Host cell reactivation of plasmids con-

taining oxidative DNA lesions is defective in Cockayne syndrome

but normal in UV-sensitive syndrome fibroblasts. DNA Repair

(Amst) 5:13–22.

Spivak G, Itoh T, Matsunaga T, Nikaido O, Hanawalt P, Yamaizumi M.

2002. Ultraviolet-sensitive syndrome cells are defective in tran-

scription-coupled repair of cyclobutane pyrimidine dimers. DNA

Repair (Amst) 1:629–43.

Takahashi CS. 1976. Cytogenetical studies on the effects of high natural

radiation levels in Tityus bahiensis (Scorpiones, Buthidae) from

Morro do Ferro, Brazil. Radiat Res 67:371–81.

von Borstel R. 1987. Alexander Hollaender, in memorian. Mutagen

2:149–150.

Wassom J. 1989. Origins of genetic toxicology and the Environ Mutagen

Society. Environ Mol Mutagen 14 (Suppl 16):1–6.

Wei Q, Lee JE, Gershenwald JE, Ross MI, Mansfield PF, Strom SS,

Wang LE, Guo Z, Qiao Y, Amos CI, et al. 2003. Repair of UV

light-induced DNA damage and risk of cutaneous malignant mel-

anoma. J Natl Cancer Inst 95:308–15.

WHO. 2006. Recommended Classification of Pesticides by Hazard and

Guidelines to the Classification. Geneva:World Health Organiza-

tion. 1–200 p.

Environmental and Molecular Mutagenesis. DOI 10.1002/em

EMS and Latin America 773


