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RESUMO

Figueredo, Fabio Santiago. Avaliacao dos efeitos da exposicdo aos BTEX (benzeno,
tolueno, etilbenzeno e xilenos) no genoma dos trabalhadores de postos de combustiveis.
2018. 119 f. Tese (Doutorado em Ciéncias Médicas) — Faculdade de Ciéncias Médicas,
Universidade do Estado do Rio de Janeiro, Rio de Janeiro, 2018.

BTEX (benzeno, tolueno, etilbenzeno e xilenos) sdo compostos aromaticos usados
como solventes de combustiveis, que sdo reconhecidamente toxicos e carcinogénicos.
Trabalhadores dos postos de combustiveis sdo expostos cronicamente a essas substancias
quimicas. A susceptibilidade individual desses trabalhadores, assim como os efeitos precoces
dessa exposicao sdo discutidos em trés artigos, como a seguir: Artigo 1- A frequéncia das
alteracdes nos cromossomos (ACs) dos linfocitos do sangue periférico ¢ considerado um
biomarcador de efeito precoce, sendo importante na prevengcdo de doengas oncologicas
ocupacionais. Foram avaliados 60 trabalhadores pela técnica de FISH, aplicando-a nos
cromossomos 1, 2 e 4, além de exames laboratoriais, avaliagdo médica e sociodemografica.
Encontramos uma populagdo jovem (mediana: 36 anos), contudo com um longo periodo de
exposicao (mediana 16 anos) e uma alta frequéncia populacional de ACs (9.3/1000
metafases). Dos trabalhadores, 16,6% (10/60) apresentaram mais de 10 alteracdes por 1000
metafases, sendo as translocacdes, a mais frequente (43,6%). A andlise estatistica revelou uma
diferenga significativa na cor da pele (P = 0,002). Portanto, ¢ altamente provavel que a
frequencia elevada de ACs esteja correlacionada com a exposi¢do occupacional aos BTEX.
Artigo 2- Relatamos os casos de duas mulheres, trabalhadoras de posto de combustiveis, com
sintomas de intoxicagdo por BTEX e relatos de abortos. Em ambos os casos foram
identificados rearranjos complexos nos cromossomos pela técnica de FISH (caso 1:
46,XX,der(1)t(1;4),der(4)t(1;4;?),ace(1),ace(1); caso 2- der(4)ins(2;4)). Foi encontrado ainda
um tipo raro de células NK (NK”¢"") no sangue periférico destas trabalhadoras. Assim, este
foi o primeiro estudo a sugerir uma possivel relagdo causal entre a deplecao do efeito de
citotoxicidade das células NK, aborto no primeiro trimestre e rearranjos complexos nos
cromossomos. Artigo 3 - Artigo caso-controle em que foram avaliados 114 trabalhadores e
115 controles, utilizando-se dois tipos de biomarcadores: um de efeito precoce (ACs pela
técnica de FISH) e outros de susceptibilidade (genotipagem dos polimorfismos
RAD51/G135C, ATM/P1054R e CHEK2/T470C). Encontramos uma frequéncia elevada de
ACs (9,8 ACs/1.000). Dos trabalhadores, 19,1% apresentaram um nimero elevado de ACs.
Foi observado, também, nos trabalhadores com frequencias elevadas de ACs (grupo 2) uma
maior propor¢ao de mulheres (P = 0,035), baixos niveis de monocitos (P = 0,024), assim
como a nao confiaga no fornecimento automatico de combustivel (P = 0,027). A presenga do
polimorfismo RADS51 / G135C (P =0,011) foi associada aos trabalhadores quando comparado
aos controles, e também ao nimero de ACs por trabalhador (P = 0,008). A especificidade
RADS51 / GI135C para detectar trabalhadores com ACs foi de 87%, enquanto 79% para
ATM/P1054R. Nenhuma variante de alelos foi encontrada para CHEK2/T470C. Desta forma o
polimorfismo RADS5I1/GI35C ¢é um promissor marcadores de suscetibilidade ao
desenvolvimento de cancer.

Palavras-chave: Benzeno, Tolueno. Xilenos. Metilbenzeno. Postos de combustiveis.

Alteragdes nos cromossomos. Polimorfismo.



ABSTRACT

Figueredo, Fabio Santiago. Assessment of the effects of BTEX (benzene, toluene,
ethylbenzene, and xylenes) exposure on the genome of gas station workers. 2018. 119 f.
Tese (Doutorado em Medicina) — Faculdade de Ciéncias Médicas, Universidade do Estado do
Rio de Janeiro, Rio de Janeiro, 2014.

BTEX (benzene, toluene, ethylbenzene and xylenes) are aromatic compounds used as
fuel solvents, which are known to be toxic and carcinogenic. Gas station workers (GSWs) are
chronically exposed to these chemicals, which are volatiles and solubles. The individual
susceptibility of GSWs and the early effects of this exposure are discussed in three papers,
summarized as follows: Article 1. The frequency of chromosome alterations (CAs) of
peripheral blood lymphocytes is considered a biomarker of early effect, being important in the
prevention of occupational oncologic diseases. We evaluated 60 GSWs through the FISH
technique, applying it to chromosomes 1, 2, and 4; in addition, blood exams and medical and
socio-demographic evaluation were performed. We found a young population (median: 36
years) but with a long period of exposure time (median 16 years) and a high population
frequency of CAs (9.3 / 1000 metaphases). Of the workers 16.6% (10/60) had a high number
of CAs (> 10 CAs per 1000 metaphases), and translocations were the most common CAs
(43.6%). Statistical analysis revealed a significant difference in skin color (P = 0.002).
Therefore, more studies are needed to better characterize the damage associated with the
genome of these workers. Article 2. We report the cases of two women with symptoms of
BTEX intoxication and abortions reports. In both cases, complex chromosome rearrangements
(CCRs) were identified applying the FISH technique (case 1- 46,XX, der(1) t(1;4)
,der(4)t(1;4;?),ace(1),ace(1); case 2 -der(4)ins(2;4)). A rare type of NK cells (NK”%¢") was
also found in the peripheral blood of these workers. Thus, this was the first study to suggest a
possible causal relationship between depletion of the NK cell cytotoxicity function, first
trimester miscarriage, and CCRs. Article 3. Case-control study in which 114 workers and 115
controls were evaluated, using two types of biomarkers: one with an early effect (CAs through
FISH technique) and the other with susceptibility (genotyping of RADS5I1/G135C,
ATM/P1054R, and CHEK2/T470C polymorphisms). Medical and sociodemographic
evaluation was also applied. A high frequency of ACs (9.8 CAs / 1,000) was observed. Of the
workers 19.1% had a high number of CAs. Also, a high number of women (p = 0.035) and
lower monocyte levels in blood exams (P = 0.024), as well as “untrust in automatic fuel
supply” (P = 0.027) were observed in the group with the highest number of CAs (group 2).
The presence of RAD51 / G135C polymorphism was associated with GSWs when compared
to the controls (P = 0.011), and to the number of CAs per worker (P = 0.008). The specificity
of RAD51/G135C to detect workers with CAs was 87%, while that of ATM/ P1054R was
79%. No allele variant was found for CHEK2 / T470C. Thus, the RADS5I1 / GI135C
polymorphism is promising marker of susceptibility to the development of cancer to apply in
GSW monitoring.

Keywords: Workers. Cytogenetic. Polymorphism. Benzene. Toluene. Xylenes. Etilbenzeno.

Gas Station.
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INTRODUCAO

No Brasil, trabalhadores de postos de gasolina, conhecidos como frentistas, sdo
cronicamente expostos a vapores dos combustiveis, que contém conhecidos agentes toxicos e
potencialemnte cancerigenos, como benzeno, tolueno, etilbenzeno e xilenos (BTEX). Na
maioria dos paises desenvolvidos, ao contrdrio do que ocorre no Brasil, a manipulagdo da
bomba de combustivel ¢ feita pelo proprio usuario no momento do abastecimento reduzindo a
exposicao ocupacional. Estima-se que a exposicdo ocupacional relacionada a postos de
combustiveis atinga mais de 500.000 trabalhadores, em 40.000 postos revendedores de
combustiveis em todo o pais (FENEPOSPETRO, 2018; FECOMBUSTIVEIS, 2018). O setor
de comercializacdo de combustiveis apresenta um faturamento anual de quase R$ 200 bilhdes,
o que corresponde a 6,3% do produto interno bruto do Brasil. Trata-se de um dos segmentos
da economia que mais arrecada tributos estaduais e federal, chegando a ordem de R$ 60
bilhdes por ano (FECOMBUSTIVEIS, 2018).

Desde 2016, o Ministério do Trabalho com a portaria n® 1.109, popularmente conhecida como
“Portaria do Benzeno”, prevé a implementagdo de novas normas para seguranga ¢ saude do
trabalhador nos postos de combustiveis, com a finalidade de reduzir a exposi¢do ocupacional
destes aos efeitos do benzeno (DOU, portaria 1109/2016). Dentre os avangos, destacam-se: 1)
obrigatoriedade de informar ao trabalhador sobre os riscos relacionados a exposi¢do ao
benzeno; ii) proibicdo de flanelas e tecidos similares para contengdo de respingos e
extravasamentos de combustiveis; ii) implemantacao de bicos automaticos nas bombas de
combustiveis liquidos, contendo benzeno; iiii) instalacio de sistema de recuperagdo de
vapores. A despeito dos avangos conseguidos com a “Portaria do Benzeno” o mesmo estipula
prazos considerados longos para implementagao das normativas de seguranca pelos postos de
combustiveis, algumas a serem cumpridos em até 15 anos.

A “Portaria do Benzeno” também preconiza o hemograma completo com contagem de
plaquetas e reticuldcitos, a cada seis meses e organizados em série historica, como sendo um
dos principais mecanismos de monitoramento desses trabalhadores. Desta forma, destacamos
ainda, que ndo foram consideradas as susceptibilidades individuais dos trabalhadores, de

forma a realizar e promover mecanismos de prote¢do a subgrupos mais vulneraveis e nem a
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implementa¢do de biomarcadores considerados mais eficazes na monitorizagao da exposicao
ao trabalhador. A avaliacdo dos efeitos da exposicao aos BTEX no genoma dos trabalhadores
de postos de combustiveis se faz relevante, de forma a delimitar subgrupos de trabalhadores
mais vulneraveis a exposi¢do ocupacional, a estabelecer biomarcadores de susceptibilidade e
de efeito precoce para a monitorizagao desses trabalhadores e, desta forma, permitir uma

atuacdo mais eficaz na prevencao do cancer de origem ocupacional.

Benzeno, tolueno, etilbenzeno e xilenos (BTEX)

O benzeno ¢ um hidrocarboneto aromatico, encontrado principalmente no petréleo, muito
utilizado em diversos processos industriais, desde o incremento da industria quimica durante a
Primeira Guerra Mundial. O termo “benzol”, comercialmente utilizado, se aplica as misturas
de hidrocarbonetos aromaticos, que em geral consistem de uma mistura de benzeno e seus
homologos (tolueno, etilbenzeno e xilenos) (Amaral et al., 2011). Na Figura 1, observam-se

as formulas quimicas dos BTEX.

Figura 1 - Formulas moleculares do benzeno, xilenos, tolueno e etilbenzeno

Benzeno Tolueno  Etilbenzeno o-Xileno m-Xileno p-Xileno

CHa CH.CHy CHs Ha Hs
CHs
CHs

Nota: Formulas moleculares do benzeno, tolueno, etilbenzeno, xilenos (meta, orto ¢ para), respectivamente da
direita para esquerda.
Fonte adaptada: Graham Solomons e Craig Fryhle (2000). Quimica Organica. LTC.Ed. 70.(1)57-65

O benzeno apresenta-se em estado liquido e incolor, & temperatura ambiente e a pressdao
atmosférica normal, possui odor caracteristico dos compostos aromaticos e, por ser

lipossoluvel, mistura-se bem com a maioria dos solventes organicos (alcool, gasolina,
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cloroformio, éter e acetona), além de ser extremamente volatil, sendo perceptivel ao olfato em
concentragdes superiores a 12 ppm (Amaral et al., 2017). E considerado hidrocarboneto
aromatico mais nocivo ao homen, sendo classificado como agente carcinogénico do Grupo I
pela International Agency of Research on Cancer — IARC (Cogliano et al., 2011). Este agente
quimico tem lenta degradacdo no ambiente e a meia vida varia conforme o compartimento
ambiental, sendo 13,4 dias no ar; 5 a 16 dias em aguas superficiais; 10 dias a 24 meses em
aguas profundas; 7,2 dias em solo com espessura de 1 cm e 38,4 dias com espessura de 10 cm
(Barata-Silva et al., 2014; Li et al., 2018).

Por sua vez, o tolueno ou metilbenzeno, ¢ um solvente liquido, incolor, com a férmula
estrutural CeHsCH3. Ele ¢ muito utilizado na preparacao de tintas, revestimentos, borrachas,
resinas, adesivos e nos combustiveis. E popularmente conhecido no Brasil como “cola de
sapateiro”. A inalacdo voluntiria do toluol causa danos ao organismo e pode levar a
dependéncia quimica. Os xilenos ou dimetilbenzeno, com féormula estrutural CsHa(CHz3)a,
hidrocarbonetos aromaticos constituidos por um anel benzeno e dois radicais metil. O
dimetilbenzeno pode ser encontrado em trés de seus isdbmeros que em conjunto ¢ conhecido
como xilol: o meta (m), o orto (0) e o para (p)-xileno, ilustrados na Figura 1. Ja o etilbenzeno,
de formula estrutural CsHsCH2CH3, é um hidrocarboneto aromatico monociclico, incolor,
altamente volatil e inflamavel. Esta presente no petréleo bruto, em solventes e na produgado de

estireno (Otero et al., 2015).

BTEX na gasolina

A gasolina automotiva consiste na mistura de hidrocarbonetos volateis e inflaméveis
derivados do petrdleo, predominantemente com 4 a 12 dtomos de carbono. Sua composi¢ao
depende da sua utilizagdo, origem e dos processos de refino do petroleo. Hidrocarbonetos
aromaticos como os BTEX estao presentes na gasolina, sendo o benzeno reconhecidamente o
mais toxico de todos (DEMEC, 2018).

O benzeno encontrado na gasolina automotiva ¢ devido a impurezas no processo de produgao.
Ele pode aumentar a octanagem (indice de resisténcia a detonagdo de combustiveis) e reduz o
“bater de bielas” de motores, ou seja, a autoigni¢do. Diante destes varios fatores, a gasolina

automotiva fabricada no Brasil deve atender especificacdes técnicas indicadas pela Agéncia
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Nacional de Petroleo (ANP). A ANP, em 27 de dezembro de 2001, publicou a Portaria no 309
que estabelece as especificacdes para a comercializagdo das gasolinas automotivas em todo o
territorio nacional e definiu obrigacdes dos agentes econdmicos sobre o controle da qualidade
do produto. A Tabela 1 registra, com base na Portaria da ANP, os valores especificados para o
benzeno e demais componentes na gasolina comum e premium (ANP, 2001).

Nos Estados Unidos, a preocupagao com efeitos toxicos do benzeno na saide e a possibilidade
de contaminacdo do mesmo em aguas subterraneas, tem conduzido a regulagdo estrita do teor
de benzeno na gasolina, com limites em torno de 1%. As especificagdes européias de gasolina
j& contém o mesmo limite de 1% para a presenca de benzeno (Costa, 2009; Silva ef al., 2009).
Cabe destacar, que mesmo no diesel-biodiesel e no alcool combustivel foram identificados
niveis aumentados de BTEX nos vapores emitidos na combustao (Ferreira et al., 2008).
Destacamos ainda as possiveis fraudes por adulteracdo dos combustiveis no Brasil, com a
adicao de solventes. J4 foram descritos niveis que chegam a 8% de benzeno em gasolina
fraudadas (Costa, 2009). Atualmente, a utilizacdo de benzeno na destilagdo azeotropica para

producdo de 4lcool anidro € proibida no Brasil.
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Tabela 1 - Especificagdes para o benzeno na gasolina

Especificacoes
Caracteristicas Gasolina comum Gasolina premium
I I 1
Tipo A Tipo C Tipo A Tipo C

Benzeno, max. %vol 1,2 1,0 1,9 1,5
Hidrocarbonetos:
Aromaticos, max. %vol 57,0 45,0 57,0 45,0
Hidrocarbonetos: Olefinicos, 38,0 30,0 38,0 30,0

max. %vol

Nota: Os teores maximos de benzeno, hidrocarbonetos aromaticos e hidrocarbonetos olefinicos
permitidos para a gasolina A referem-se a qualquer transformar-se 4 em gasolina C
através da adigdo de 22% a 1% de alcool.

Fonte: (Portaria No 309, ANP/2001).

BTEX e a saude do trabalhador

Os BTEX sdo absorvidos principalmente pela via pulmonar e, em menor escala, pela via
cutanea. A absor¢do cutinea contribui pouco para o total da absor¢cao de um trabalhador, pois
¢ influenciada pela temperatura corporea, integridade e hidratagdo da pele. J4 pela via
pulmonar os BTEX sdo absorvidos rapidamente, chegam a corrente sanguinea em poucos
minutos e sdo distribuidos para os tecidos, que devido a sua lipossolubilidade, possui alta
afinidade pelo tecido adiposo. (Amaral et al., 2017).

O benzenismo ¢ um conjunto de sinais, sintomas e complicagdes decorrentes da exposicao
aguda ou cronica ao benzeno. As complicagdes podem ser agudas quando ocorre exposi¢do a
altas concentragdes com predominancia clinica de sinais e sintomas neuroldgicos, ou cronicos,
com sinais e sintomas clinicos diversos, expostos na Tabela 2. Cabe destacar, que o
diagnostico de benzenismo de natureza ocupacional ¢ eminentemente clinico e
epidemioldgico. Sendo o diagnodstico fundamentado na histéria de exposi¢do ocupacional e na

observacdo de sintomas e sinais clinicos, auxiliados com exames laboratoriais. Entende-se
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como exposicdo ocupacional a exposicao ao benzeno, decorrente de atividades nos ambientes
de trabalho. Segundo o Ministério do Trabalho do Brasil em trabalhadores potencialmente
expostos ao benzeno, todas as alteragdes hematoldgicas devem ser valorizadas, investigadas e
justificadas (MT, 2006).

Cabe ressaltar, que o benzeno possui conhecido efeito mielotoxico regular, decorrente de trés
mecanismos basicos: a depressdo das células hematopoéticas progenitoras primitivas e
indiferenciadas (Stem cells); a lesdo do tecido de medula éssea; a formagdo clonal de células
primitivas afetadas com danos nos cromossomos (Ji et al., 2012; Mc Hale et al., 2011). Estes
mecanismos podem gerar na medula oOssea hipoplasia, displasia ou aplasia celular. A
hipoplasia medular tem repercussdao no sangue periférico com citopenia(s), principalmente
leucopenia com neutropenia, plaquetopenia isolada ou associada a neutropenia (Mc Hale et

al.,2011; Zhang et al., 2011).
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Tabela 2- Principais sinais e sintomas relacionados a exposi¢ao ao benzeno

Sistema Principais efeitos da exposiciao
Cardiovascular Fibrilagdo ventricular e hipertensdo arterial
N, Dispneia, dor toracica, depressdo respiratoria, hemorragia alveolar, edema
Respiratorio = R Mg
pulmonar e altera¢des apoptoticas no parénquima pulmonar
, . Convulsoes, delirio, perda da consciéncia, tonturas, excitacdo, depressdo, dor de
Neurolégico/ . . . . .
A cabeca, alucinacdes, atrofia das extremidades inferiores e neuropatia das
Psiquiatrico . . . -
extremidades superiores, doenca de Alzheimer e alteragdes de comportamento
Gastrointestinal Néuseas e vomitos
. Supressdo das imunoglobulinas séricas, linfopenia e diminuigdo de células T,
Immunologico

Reprodutivo &

Reprodutivo ¢

Hematologicos

CD4NK e B

Diminuig@o da contagem de espermatozdides

Disturbios menstruais, abortos espontaneos ¢ alteragdes congénitas

Trombocitopenia, leucopenia, anemia, macrocitose, hipocromia, linfopenia,
hipoplasia, anemia aplastica, displasia, leucemia, linfoma, linfoma nao-Hodgkin e
mieloma multiplo

Fonte adaptada: Otero UB, Ornellas MH. Health risk related to the exposition to benzene and other
chemicals present in gasoline. In: Alves G, editor. The health and environmental threats related to
gas stations. Germany: Lambert; 2015. pp. 9-25. ISBN-13: 978-3-659-81445-7.

A aplasia da medula, por sua vez, corresponde a depressdo de todas as linhagens

hematologicas (leucopenia, plaquetopenia e anemia) (Mitri et al.; 2015; Silvestre et al. 2017).

A exposicdo aos BTEX pode, também, cursar com falhas no processo de aquisi¢do do

conhecimento. Desta forma, o trabalhador exposto ao BTEX pode vir a apresentar

comprometimento da atengdo, percep¢ao, memoria, habilidade motora, fungdo executiva e/ou

raciocinio légico. A exposicdo ocupacional também ¢ relacionada a astenia, cefaleia,



21

depressao, insOnia, agitacao, alteracdes de comportamento, perdas auditivas neurossensoriais,
zumbidos e vertigens (MS, 2006; Hiraoka et al, 2017). Ha estudos que relacionam a exposi¢ao
ao BTEX a abortos espontaneos e problemas menstruais (MS, 2006).

O tolueno, em niveis baixos ou moderados, pode causar cansago, confusdo, fraqueza, nauseas
e/ou perda de memoria, apetite, visdo e audigdo. No entanto, estes sintomas geralmente
desaparecem quando a exposi¢do termina. J4 a exposi¢do aos xilenos também provoca
irritacdo nos olhos e nas vias respiratorias apds inalagdo. A exposicdo dérmica em humanos
provoca irritagdo da pele, secura, vasodilatagdo e urticaria (MS, 2006; Otero et al.; 2015). A
exposicao gestacional aos xilenos em animais, resultaram em defeitos deletérios no
desenvolvimento neurologico e a exposi¢ao em doses elevadas também em animais, resultou
em alteragdes na morfologia, peso e fungdes enzimaticas no figado (Cruz et al., 2014). Poucos
relatorios estdo disponiveis sobre a exposi¢ao ao etilbenzeno em seres humanos (Bolden ef al.,
2015). Entre eles, foram observadas irritagdes oculares e ototoxicidade (perda auditiva) e
alteragdes hematoldgicas (aumento da contagem de linfocitos e diminui¢do da concentracao
de hemoglobina e contagem de leucocitos). Em estudos com animais, a exposi¢ao cronica esta
associada a efeitos adversos no figado, nos rins (nefropatia e hiperplasia) e no sistema

endodcrino (hiperplasia tireoidea e pituitaria) (Bolden et al., 2015).

BTEX e o cancer

De acordo com a American Cancer Society , de uma maneira geral, somente 5% dos canceres
estdo diretamente ligados a questdes hereditdrias e nestes as alteracdes genéticas herdadas
conferem ao seu portador um alto risco de desenvolver um ou mais tipos de cancer (Smith et
al., 2012). Contudo, a maioria dos canceres nao resulta da genética herdada, mas de danos
acumulados ao longo da vida no conteudo genético. Fatores externos ao organismo, como: o
consumo de tabaco, uso de agentes quimicos toxicos e exposi¢ao a radioatividade. Juntamente
com aspectos intrinsecos, como: mutagdes herdadas, ciclo hormonal e condig¢des
imunologicas estao listados entre os agentes que, juntos ou em sequéncia, podem iniciar ou
promover o desenvolvimento de um processo neoplasico (Smith et al., 2012).

Destaca-se que o benzeno possui elevado potencial de genotoxicidade, e possui conhecido

efeito leucemogénico, mesmo em baixas concentragdes (MS, 2006). A leucemia mieloide
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aguda (LMA) ¢ a doenga hematoldgica mais associada a exposicdo ocupacional ao BTEX.
Considerando o processo de patobiogénese das leucemias, este se realiza em multiplas etapas
por acimulo de mutagdes sinérgicas, iniciando-se quando uma célula-tronco multipotente ou
um progenitor hematopoético comprometido com uma linhagem sofre alteragdes genéticas
que lhe conferem vantagens proliferativas e/ou de sobrevivéncia sobre as demais, sendo os
clones resultantes, positivamente selecionados no microambiente hematopoético (Rohrbacher
et al.,2018; Yoon et al., 2018; Filho et al., 2018). Descendentes de tais células, apresentando
proliferacdo acelerada, podem sofrer mutagdes genéticas adicionais e cooperativas que lhes
conferem, por exemplo, capacidade de auto-renovagdo (surgimento de células leucémicas-
tronco quando se tratar de um precursor celular ja comprometido) e bloqueio do processo de
diferencia¢do (Rohrbacher et al., 2018; Yoon et al., 2018; Filho et al., 2018). O que se
verifica, por ultimo, ¢ a formacao de uma produgdo hierarquizada de clones autdnomos quanto
ao aspecto proliferativo e descompromissados com alguma fung¢do, sendo isto determinante
para o processo de faléncia da medula d6ssea (que corresponde ao 6rgao de relevancia
hematopoiética na vida adulta) significando, portanto, desenvolvimento de anemia,
trombocitopenia e susceptibilidade a infec¢des (Rohrbacher et al., 2018; Yoon et al., 2018).
Cabe destacar, também, que a exposi¢do ao benzeno ¢ associada a linfoma de Hodgkin
linfomas ndo-Hodgkin (MS, 2006; Otero et al., 2015), cincer de pulmdo e de bexiga
(urotelial). Ha estudos que o relacionam também a cancer de mama em mulheres e ao
aumento da incidéncia de cancer de mama em homens expostos de forma ocupacional aos
BTEX (Silvestre et al., 2017). Cabe ressaltar ainda, que a exposi¢do ao tolueno e/ou aos
xilenos estdo relacionadas ao surgimento de tumores cerebrais (MS, 2006).

O cancer vem se tornando cada vez mais comum em todo mundo, fato este mais marcante nos
paises desenvolvidos decorrente principalmente do envelhecimento da populagdo. Na
tentativa de salvar vidas em relacdo a medidas de satde publica, merecem destaque e as que
demonstram serem mais eficazes contra o cancer em geral, a prevencao e diagnostico precoce.

Sendo estes fundamentais na prevencdo do cancer de origem ocupacional.
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BTEX e instabilidade do genoma humano

Os mecanismos pelos quais os BTEX causam os efeitos genotoxicos ndo estdo totalmente
esclarecidos. Contudo acredita-se que a funcdo de uma ampla gama de alvos celulares ¢é
atingida por metabolitos especificos e por espécies reativas de oxigénio. Os alvos genotoxicos
incluem: (i) inibi¢ao da topoisomerase II (TOP2A); (ii) formacao de aduto de metabdlitos
reativos; (iil) dano oxidativo ao DNA; (iv) mutagao no mecanismo de reparo do DNA; (v)
alteragdes epigenéticas (Mc Hale et al., 2011).

O benzeno ¢ metabolizado no figado pelo citocromo P4502E1 (CYP2E1l) em fenol, seu
primeiro metabdlito e, subsequentemente metabolizado pelo CYP2E1 em hidroquinona,
Figura 2. A hidroquinona ¢ transportada a medula ¢ssea onde ¢ oxidada em benzoquinonas,
que por sua vez liberam espécies reativas de oxigénio responsaveis por induzir danos no
genoma de células hematopoiéticas (Kim et al., 2004; Amaral et al., 2017).

Um mecanismo que também ¢ amplamente aceito para a genotoxicidade dos metabodlicos do
benzeno nas células da medula 6ssea ¢ a inibigdo da TOP2A (Mondrala ¢ Eastmond, 2010;
Pandey et al., 2009; Yu et al., 2011). A TOP2A ¢ a responsavel por catalisar a quebra e a
reunido de filamentos de DNA, sendo portanto uma enzima critica para a replicacao de DNA,
recombinagdo, separacao de cromossomos, condensagdo e transcricdo génica (Nitiss, 2009).
Cabe destacar também que a expressdo de TOP2A tem sido utilizada como marcador
prognodstico em neoplasias, mostrando que altos niveis de expressdo protéica indicam um
melhor progndstico e sobrevida ao cancer de prostata, e boa resposta ao tratamento em cancer
de mama (Brase et al., 2010). Além disso, a inibigdo da TOP2A correlaciona-se com as

aneuploidias, como no caso da aneuploidia induzida pelo benzeno na LMA (Feng et al., 2014)
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Figura 2 - Etapas quimicas da metaboliza¢ao do benzeno no organismo
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Fonte adaptada: Otero UB, Ornellas MH. Health risk related to the exposition to benzene and other chemicals
present in gasoline. In: Alves G, editor. The health and environmental threats related to gas stations.
Germany: Lambert; 2015. pp. 9-25. ISBN-13: 978-3-659-81445-7.

As alteragdes nos cromossomos (Acs) de individuos expostos aos BTEX s3o descritos em
iniimeros trabalhos (Zhang et al., 2002, 2005, 2011; Holeckovaet et al., 2004 ¢ 2008; Ji et al.,
2012, Fang et al., 2017) como um biomarcador de efeito precoce e instabilidade gendmica.
Zhang e col. (2002) revisaram seis estudos de monitoramento citogenético em trabalhadores
de postos de gasolina e concluiram que a taxa de ACs estruturais foram elevadas nos
trabalhadores expostos. A principal AC estrutural detectada foi a quebra nos cromossomos.
Foram também observadas taxas elevadas de quebras especificas para os cromossomos 2, 4, 7
e 9, enquanto que as alteracdes numéricas dos cromossomos foram raramente observadas
(Zhang et al., 2002). Verdorfer e col. (2001) analisaram ACs nos cromossomos 1, 2 e 4, ao
invés da analise dos 24 pares humanos, em trabalhadores expostos a agentes ocupacionais

externos. Juntos esses trés cromossomos representam 21,87% do genoma humano, sendo
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utilizados na avaliacdo de ACs como forma de estimar o dano global ao genoma (Verdorfer
etal.2001) .

Os nuimeros elevados de ACs sdo correlacionadas ao aumento do risco de desenvolvimento de
neoplasias, principalmente leucemias (Holekova et al., 2004; Feng et al., 2014 ). Estudo
realizado na Republica Checa reforga a associacdo entre o aumento dos niveis de alteracdes
nos cromossomos, em linfocitos, € a incidéncia de cancer e mortalidade no futuro
(Smerhovskyet et al., 2001). Zhang e col. (2002) referiram a frequéncia de alteracdes nos
cromossomos como um promissor biomarcador de efeito precoce, sendo este um possivel
preditor de risco de desenvolvimento de neoplasias, em especial, leucemias (Zhang et al.
2002). Desta forma, com a exposi¢ao aos BTEX, o DNA sofre danos na sua estrutura. Danos
estes que podem vir a resultar na perda de informac¢ao genética vital ao individuo. Na tentativa
de responder aos efeitos potencialmente devastadores ao material genético, os organismos
desenvolveram uma série de diferentes processos de reparo, através dos quais as agressdes ao
DNA podem ser revertidas (Fang ef al., 2017).

Uma preocupagdo em relagdo a exposicdo cronica dos trabalhadores de postos de
combustiveis estd na possibilidade de comprometimento das células germinativas das
frentistas (Ji et al., 2012; Moro et al., 2017). Varios estudos epidemioldgicos apoiam a ideia
de que eventos genotoxicos e ndo genotoxicos relacionados a exposicdo aos BTEX podem
contribuir com o desenvolvimento da leucemia infantil no ttero (Zhang et al., 2002; Holekova
et al., 2004; Greaves et al., 2003; Ji et al., 2012). Assim, a exposi¢ao da mae ao benzeno pode
ser tdo importante quanto a exposicao infantil direta, como causadoras de leucemia mieloide
aguda. Quanto a etiogénese das LLAs, acredita-se que tenham inicio com a exposi¢do a
agentes carcinogénicos uma vez que células leucémicas normalmente apresentam aberragdes
cromossomicas, possivelmente derivadas do acimulo de danos ndo-reparados no DNA. Em
relagdo ao surgimento e o acimulo destas mutacdes, estas podem ocorrer (a) num periodo pré-
concepe¢do (que abrange a ontogénese da célula germinativa na geragdo parental do individuo)
e (b) no periodo pds-concepcao que compreende o desenvolvimento intra-uterino do individuo

(Silva, 2011; Lightfoot ¢ Roman, 2004; Belson et al., 2007).
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Mecanismos de reparo do DNA

A molécula de DNA estd constantemente exposta a modificagdes por agentes endogenos e
exdgenos que podem desencadear varios disturbios na funcionalidade da célula com efeitos
nocivos para o organismo. Sendo assim, a estabilidade do genoma ¢ constantemente
monitorada por mecanismos de controle interno para garantir a fidelidade da informacgao
genética. As lesdes presentes no DNA ativam uma cascata de sinalizagdo intracelular que
regulam mecanismos especificos de resposta ao dano no DNA (DDR, do inglés DNA-Damage
Response) em diferentes fases do ciclo celular (Justino, 2015).

Cabe destacar, que as células em mitose ndo sao capazes de ativar a DDR de forma eficiente,
sendo o ponto de checagem em G2 o ultimo ponto de checagem do ciclo celular, que impede a
entrada do DNA lesado da célula na mitose. Existem dois pontos de checagem moleculares
distintos, G2 e G2/M. Em G2 o ciclo celular ¢ interrompido quando o material genético ¢
danificado em G1 ou em S. J4 em G2/M quando o DNA ¢ danificado em G2. Destaca-se que a
proteina ATM ¢ dispensavel nas interrup¢des em G2, porém ¢ necessario no ponto de
checagem G2/M ( Silva, 2011; Hoeijmakers et al., 2001).

As principais vias de reparo de DNA em humanos, ilustradas na figura 3, incluem: reparo por
excisdo de bases (BER, Base Excision Repair), reparo por excisao de nucleotideos (NER,
Nucleotide Excision Repair), reparo de erros de pareamento (MMR, Mismatch Repair), reparo
por recombinagdo homologa (HR, Homologous Recombination) e reparo de ligagcdo de

extremidades nao homodlogas (NHEJ, Non-Homologous End-Joining).
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Figura 3 - Dano no DNA, mecanismos de reparo e consequéncias celulares

TEX Consequéncias
w
Erros de replcacio
Hidrocarbonetos
Raiox
i Parada do
cicko celular
—> Apoplose
- Uracll A = -Erro de pareamento A-G
- Quebra simples Adutos E"’EL“ E;m::da -Erro de pareamentp T-C
- Sitio abdsion = Amehos dup Ansergdes
-Delegies
Raparo por Reparo por extisao Reparo Reaparo por ero Cancer
excisdo de base de nudeotideo Recombinacional de pareamento —p Envelhecimanto
Doengas Congénitas

Nota: Esquema indicando as vias de dano a molécula de DNA e instabilidade gendmica e possiveis
consequéncias na viabilidade celular.
Fonte adaptada: Hoeijmakers HJ. "Genome maintenance mechanisms for preventing cancer." Nature 411.6835
(2001): 366.

O Reparo de Quebra de Fita Dupla (DSBR), intermediado por um complexo enzimatico que
retne inumeras proteinas e constitui-se num dos mecanismos de reparo cuja falha mais influi
no processo de leucomogénese. Devendo-se ao fato de que as quebras de dupla fita
correspondem ao tipo de lesdo mais perigosa para o DNA, podendo levar ao surgimento de
aberracdes cromossomicas (Stingele er al., 2017; Hoeijmakers et al., 2001). Destacamos o
mecanismo molecular de reparo da DSB pela Recombinagdo Homologa, que se inicia quando
o complexo MRN (Mrel1/RAD50/NBS1) interage com as extremidades geradas pela dupla
quebra e recruta a proteina ATM na forma dimerizada, inativa. Ao interagir com o complexo
MRN, monomeros da proteina ATM ativados sdo gerados e estes fosforilam proteinas-chaves
do ciclo celular como a p53 o que causa a interrupgao do ciclo celular (Friedberg et al., 2006;

Li et al., 2008; Stingele et al., 2017; Chatterjee et al., 2017).
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O complexo MRN também processa a extremidade da DSB digerindo a fita dupla
quebrada no sentindo 5'—3' gerando uma extremidade 3' simples (uma cauda de DNA
unifilamentar 3') que € protegida pela proteina RPA. Posteriormente, esta cauda unifilamentar
3' é reconhecida por uma proteina recombinase chamada Rad51, sendo este processo de
reconhecimento, interagdo e estabiliza¢do intermediado ou auxiliado pelas proteinas RPA,
RADS52 e RADS54. Devido a ligacdo em sequéncia de varias unidades de Rad51 a cauda 3',
verifica-se a formagdo de um filamento nucleoprotéico que, por sua vez, interage com uma
fita de DNA homdloga ndo desenrolada. (Silva, 2011; Brase et al., 2010) A formagao deste
nucleofilamento envolve além da participagdo da proteina RADS51, as proteinas RADS51B, C e
D, XRCC2 e XRCC3. Encontrando a regido de complementaridade, Rad51 cataliza os eventos
de troca de filamentos no qual a molécula danificada invade o DNA duplex integro,
deslocando uma das fitas para posterior formacdo de um hibrido constituido de um dos
filamentos intactos hibridizado com o filamento da molécula de DNA danificada, que lhe ¢
complementar. A extremidade 3' terminal da molécula danificada ¢ entdo estendida por uma
DNA polimerase que copia informacdo do modelo ndo lesado (Silva, 2011). Posterior a
sintese, verifica-se a resolucdo do DNA cruzado (jungdo Holliday) por meio da clivagem e
ligacdo para gerar duas moléculas de DNA intactas. As proteinas BRCA1l e BRCA2
interagem com RADS51 aumentando sua eficiéncia no processo de interagdo com a molécula
de DNA intacta (Silvestre et al.,2017; Chatterjee et al., 2017). BRCA2 interage com a
extremidade 3' gerada pelo complexo MRN deslocando as proteinas RPA e, em seguida,
posicionando os monomeros de RADS51 nesta para a formagdo do nucleofilamento.
Adicionalmente, BRCA1 e BRCA2 remodelam a cromatina para facilitar o reconhecimento
da molécula de DNA doadora intacta (Friedberg et al., 2006; Li et al., 2008; Stingele et al.,
2017).



Figura 4 - Reparo do DNA (recombinacdo homologa), em destaque a funcdo do gene
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Nota: Esquema indicando o reparo do DNA pela via de recombina¢do homoéloga, destacando fungdo da proteina
codificada pelo gene ATM ¢ RADSI.

Fonte adaptada: Hoeijmakers, Jan HJ. "Genome maintenance mechanisms for preventing cancer." Nature

411.6835 (2001): 366.
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Fatores que afetam a capacidade de reparo de DNA modulando o risco de carcinogénese

A carcinogénese ¢ um processo complexo e multifdsico que se incia por meio da interagdo
entre agentes genotoxicos ambientais (como os BTEX) com o DNA, subsequentes a acimulos
de danos promutagé€nicos no genoma em genes que regulam programas de crescimento,
sobrevivéncia, diferenciacao e apoptose (Justino et al., 2015; Chatterjee et al., 2017).

Com o mecanismo de prevencdo e supressdo ao surgimento de mutagdes lesdo-dependentes,
as células interrompem a progressao do ciclo cellular e ativam sistemas bioquimicos de reparo
do DNA especificos a cada categoria de danos, os quais identificam e removem lesdes
introduzidas no material genético (Silva, 2011; de Resende et al., 2013).

A Capacidade de Reparo de DNA (CRD), por sua vez, pode ser afetada por dois fatores de
carater hereditario, a saber: 1) mutacdes nas sequéncias génicas dos genes de reparo de DNA;
11) variacdes polimorficas nas sequéncias transcritas ou regulatorias destes genes.

Em termos de defini¢do, a principal distingdo entre mutagdes ¢ polimorfismos refere-se ao
fato destes ocorrerem numa frequéncia maior que 1% na populagdo e por terem efeitos menos
deletérios ou benéficos, o que permite sua distribui¢do entre individuos numa dada espécie
contribuindo para o aumento da variabilidade genética (Silva, 2011; Ya-zhou et al., 2014). Ja
as mutagdes podem causar inviabilidade em termos de sobrevivéncia ou sao fatores causais do
desenvolvimento de patologias graves e os individuos que as apresentam sdo eliminados,
excetuando-se casos relacionados com uma vantagem seletiva e/ou sob certas condicdes

ambientais.
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Polimorfismos nos genes de Reparo de DNA e carcinogénese

Tendo em vista as dificuldades que circundam as questdes ainda nao respondidas sobre a
etiologia e prevencdo dos canceres de origem occupacional, busca-se entender como
caracteristicas individuais podem colaborar para o surgimento dos mesmos. Nisso consiste 0
interesse de se investigar, cada vez mais, a presenga dos marcadores genéticos e sua influéncia
sobre cada individuo (Silva, 2011). Desta forma, variagdes polimorficas nas seqiiéncias de
genes associados ao reparo de DNA podem afetar a CRD, gerando um fendtipo de reparo
subotimo que, por consequéncia, modula os processos de mutagénese e carcinogénese
(Chatterjee et al., 2017; Ya-zhou et al., 2014). A grande maioria (90%) dos polimorfismos
estudados no genoma humano corresponde aos assim-chamados Polimorfismos em um Unico
Nucleotideo (single nucleotide polymorphisms - SNPs). SNPs podem ocorrer em regides
génicas codificantes, alterando o significado de um cédon (polimorfismos ndo-sinénimos) ou
simplesmente substituindo um nucleotideo sem alteracdo do aminoacido especificado pelo
codon, devido ao carater degenerado do codigo genético (polimorfismos sindénimos). Em
adicdo, SNPs podem ocorrer em sequéncias regulatorias dos genes, modulando a sua

expressao (Justino et al., 2015).

RADS51 (RADS51/G135C)

A proteina RADS1 esta envolvida na via de reparo por recombina¢ao homologa e auxilia na
manutengdo na estabilidade cromossomica, apresentando atividade de ATPase. Seu gene se
localiza no cromossomo 15q15.1que ¢ uma proteina homoéloga a RecA da E. coli, e existem
descritos 737 polimorfismos (Levy-Lahad et a/.,2001; Ya-zhou et al., 2014; Zhao et al.,
2014). Como ilustrado na Figura 4, a proteina codificada pelo gene RADS51 esta associada as
proteinas dos genes BRCA1 e BRCA2, que sdo genes supressores tumorais, sugerindo que um
defeito na recombinagdo possa levar ao desenvolvimento tumoral. O polimorfismo RADS51 -
98G>C (rs1801320), também chamado de RADS51/G135C se da por uma substitui¢do de
guanina por uma citosina a 98 pares de bases antes do promotor no éxon 1. A substituicao
G135C aumenta a atividade promotora de RADS51 resultando no aumento da transcrigdo deste

gene. Inicialmente, o excesso de RADS51 foi associado com aumento de reparo de DNA via
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recombinacdo homologa. Porém, estudos posteriores verificaram que aumento de RADSI
bloqueia o inicio desta modalidade de reparo havendo ainda a ocorréncia de recombinagao
anomala e inespecifica, o que aumenta a mutagénese (Ya-zhou et al., 2014). Zhao e col.
(2014) em um estudo de metanalise, envolvendo 19.142 casos e 20.363 controles, concluiram
que o RAD51/GI35C ¢ um polimorfismo de suscetibilidade ao cancer em geral,
principalmente para o cancer de mama (Zhao et al., 2014). J4 em outra metanalise, conduzida
por Ya-zhou e colaboradores (2014), envolvendo 2.656 pacientes e 3.725 controles, o
polimorfismo RAD51/G135C foi associado ao aumento do risco de sindrome mielodisplasica

(Ya-zhou et al., 2014).

ATM (ATM/P1054R)

A ATM ¢ uma proteina serina/treonina codificada pelo gene ATM, localizado no cromossomo
11g22-23. Abrange cerca de 150 quilobases de DNA gendmico, contendo 66 éxons. Mais de
300 mutagoes ja foram descritas, das quais cerca de 80% sdo por substitui¢cdes, inser¢cdes ou
delecdes de bases, originando terminagdes prematuras dos codons ou anormalidades nos
splicing (Hallajian et al., 2017).

Em resposta ao dano do DNA (DDR), a proteina ATM orquestra a detec¢do e o reparo do
DNA, garantindo a manutengdo, a estabilidade gendmica e a viabilidade celular. Desta forma,
a ATM ¢ uma proteina central da resposta a danos no DNA, regulando e interagindo com
diferentes substratos, incluindo proteinas que ativam pontos de controle da divisao celular em
G1, S ou G2-M, como ilustrado na Figura 4. Se o reparo do DNA for eficiente, este ajudara na
manuten¢do da estabilidade da informagao genética pela célula, caso contrario, esta passara a
se multiplicar erroneamente, propagando o dano genético (Gutiérrez-Enriquez et al., 2004;
Meyer et al., 2007).

O ATM/P1054R tem efeito deletério previsto quando em homozigose. A heterozigocidade do
ATM/P1054R foi associada com a diminui¢do da expressio de ATM nas leucemias
linfociticas agudas (LLA) (Pause ef al., 2003). A variante ATM/1054R foi também associada
ao aumento do risco para o cancer de mama e o cancer de prostata (Hallajian et al., 2017,

Angele et al., 2004).
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CHEK?2 (CHEK2/T470C)

O gene CHEK2 codifica o ponto de verificacdo quinase 2 (CHK2), uma proteina que age
como um supressor de tumor. O CHEK2 regula a divisdo celular e tem a capacidade de
impedir que as células se dividam muito rapidamente ou de maneira descontrolada. Quando o
DNA sofre uma quebra de fita dupla, o CHEK2 ¢ ativado. Especificamente, a proteina da
familia da fosfatidilinositol quinase ativada por dano ao DNA (PIKK) fosforila o local Thr68
e ativa o CHEK2 (Han et al., 2013, Wu et al., 2001). Uma vez ativada, a CHEK?2 fosforila
alvos a jusante, incluindo as fosfatases CDC25, responsaveis por desfosforilar e ativar as
quinases dependentes de ciclina (CDKs) (Falck ef al., 2001a e 2001b).

O polimorfismo CHEK2/T470C causa uma substitui¢do do aminoécido isoleucina por uma
treonina na posicdo 157 da proteina. A variante CHEK2/T470C foi associada ao risco de
desenvolvimento de canceres de mama e de prostata e como marcador de susceptibilidade de
canceres em geral (Liang et al., 2018; Liu et al., 2012; Kilpivaara et al., 2004; Han et al.
2013). Estudos funcionais demonstraram que a proteina CHEK2/T470C ¢ estavel e torna-se
normalmente ativada. Porém, a ligagdo de CHEK2/T470C aos seus substratos, como a
proteina p53 a proteina BRCA1 e a proteina Cdc25A ¢ reduzida (Liu ef al., 2012; Han et al.,
2013).
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1 JUSTIFICATIVA

Considerando que os trabalhadores de postos de gasolina sdo expostos a concentragdes
elevadas de BTEX durante longos periodos de trabalho, e que esses representam uma
importante parcela de trabalhadores do Brasil.

Considerando que as mudancas nas legislagdes veem contribuindo para a diminui¢do dos
niveis de exposi¢do aos BTEX (especialmente ao benzeno), contudo estipulam prazos
considerados longos para implementacao das novas normativas de segurancga pelos postos de
combustiveis.

Considerando que as legislagdes vigentes relacionadas a seguranga dos trabalhadores de
postos de gasolina ndo levam em consideracdo as variagdes interindividuais, e isso limita as
medidas de prevengao e controle do cancer.

Considerando que a capacidade de reparo de DNA pode ser alterada por variagdes
polimorficas e que isto, por consequéncia, tem impacto na modulacdo dos processos de
mutagénese e carcinogénese, determinando variabilidade interindividual no aspecto de
susceptibilidade ao desenvolvimento de cancer.

Considerando que o volume de estudos cientificos nesta area, concernentes a exposicao de

populacdes brasileiras, ainda € incipiente frente a real situag¢ao do risco.

Desta forma, trata-se de uma pesquisa inédita e relevante, pois, além de contribuir para a
elucidacdo da etiopatologia do cancer de origem ocupacional, poderd contribuir para gerar
politicas de saude publica para a identificagdo de subpopulagdes com maior risco para o
desenvolvimento do cancer de origem ocupacional, bem como pontuar marcadores individuais
de susceptibilidade ao desenvolvimento cancer. O reconhecimento precoce dos individuos em
riscos devido a exposicao ocupacional aos BTEX, associado ao conhecimento prévio de
susceptibilidade genética individual poderd, no futuro, ser uma boa ferramenta para qualificar
a interven¢do em defesa da saude dos trabalhadores de postos de combustiveis, possibilitando

uma maior efetividade na prevengao e controle do cancer.
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2 OBJETIVOS

2.1 Objetivo geral

Entender como o genoma dos frentistas esta em risco, através da analise das alteragdes
cromossomicas ¢ pelo estudo dos polimorfismos de genes chaves do mecanismo de reparo
recombinacional ou Reparo de Quebras Duplas no DNA (DSBR, Double Strand Break
Repair).

2.2 Objetivos especificos

a) Avaliar a exposicdo, individual e coletiva, de 114 trabalhadores de postos de
combustiveis aos BTEX.

b) Descrever as frequéncias de alteragdes nos cromossomos 1, 2 e 4, em linfocitos do
sangue periférico, de 114 trabalhadores de postos de combustiveis;

c) Descrever as frequéncias genotipicas dos polimorfismos genéticos do RADS51/G135C,
ATM/P1054R e CHEK2/T470C em um estudo do tipo caso-controle para exposi¢ao
aos BTEX;

d) Avaliar a associacdo dos polimorfismos genéticos do RAD51/G135C, ATM/P1054R e
CHEK?2/T470C, na suscetibilidade a alteracdes nos cromossomos 1, 2 e 4, de linfocitos

do sangue periférico, destes trabalhadores;

e) Comparar os resultados encontrados dos 114 trabalhadores de postos de combustiveis
com os resultados de 115 individuos controles (sendo 11 dos individuos controles,

com dados de citogenética).
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Monitoring of gas station attendants
exposure to benzene, toluene, xylene (BTX)
using three-color chromosome painting

Fabio Santiago1’2’3, Gilda Alves?2"", Ubirani Barros Otero?, Marianne Medeiros
Tabalipa4, Luciano Rios Scherrer®, Nadezda KosyakovaG, Maria Helena Ornellas'+2
and Thomas Liehr®

I'Abstract

Background: Chronic exposure of BTX (benzene, toluene, xylene) may lead to progressive degeneration
of bone marrow, aplastic anemia and/or leukemia. In Brazil there is no self-service fuel in gas stations
and attendants fill the fuel themselves. Due to this they are chronically exposed to high concentration of
BTX. Occupational exposure to benzene has been associated with increased chromosomal aberrations
in peripheral blood lymphocytes. Fluores-cence in situ hybridization (FISH) using whole chromosome
painting (wcp) probes allows the rapid detection of chromosomal aberration. In the present study three-
color wep probes for chromosomes 1, 2 and 4 were used for monitoring 60 gas station attendants.

Results: Blood tests were done and interviews were conducted for each worker. For searching for possible
associations between the clinical characteristics and the frequency of chromosomal aberrations the workers were
divided into two groups (< 10 chromosomal abnormalities per 1,000 metaphases and > 10 chromosomal
abnormalities per 1,000 metaphases).The studied workers had a low median age (36 year), albeit long period of BTX
exposure (median was 16 years). Low prevalence of smoking and moderate consumption of alcoholic beverages
were found in this population. The cytogenetic analysis showed 16.6% (10/60) of workers with a high frequency of
chromosomal abnormalities (>10 chromosomal abnormalities per 1,000 metaphases). Translocations were the most
frequently observed chromosome aberration. The statistical analysis revealed highly significant differences in skin
color (p = 0.002) and a weak significant differences in gender (p = 0.052) distribution between the two groups.

Conclusion: 16.6% of the studied population showed elevated frequencies of chromosomal abnormalities,
which is highly likely to be correlated with their exposure to BTX during their work. Therefore, further
studies are needed for better characterize the work associated damage of the genome in gas station
workers. It is necessary to better understand the risks that these workers are exposed, so that we can be
effective in preventing diseases and maintaining the health of these workers and possibly the offspring.

Keywords: Benzene, Toluene, Xylene, Monitoring, Cytogenetic, Painting, Chromosome
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Background

In contrast to many developed countries, there are no self
service fuel in gas stations in Brazil. Filling in fuel depends
on attendants who are chronically exposed to BTX (ben-
zene, toluene and xylene) during the work time. It is well
known that benzene induces myelotoxicity in humans; the
role of xylene and toluene is still unclear, thus, here we con-
centrate on the best studied substance among those three,
benzene. It causes a variety of hematological disorders in-
cluding aplastic anemia, myelodysplastic syndrome, and
acute myelogeneous leukemia (AML) [1-4]. Benzene is me-
tabolized in the liver to its primary metabolite phenol by
cytochrome P4502E1 (CYP2EI) through the benzene oxide
intermediate, and is subsequently metabolized by CYP2E]1 to
hydroquinone (HQ) [5,6]. HQ is transported to the bone
marrow and oxidized to benzochinones, which eventually
releases reactive oxygen species (ROS) dam-aging
hematopoietic cells [5,7].

Many studies have been carried out to determine the

hematological alterations and chromosomal aberrations
(CA) in benzene exposed workers [8-11]. Reported gen-
etic damages caused by benzene include sister chromatid
exchange, DNA cross-linking, DNA adduct formation,
and impairment of DNA repair mechanisms [12]. Other
studies reported increased levels of chromosomal anom-
alies such as aneuploidies including monosomy of chro-
mosomes 5 and 7 and trisomies of chromosomes § and
21, in the blood lymphocytes of apparently healthy Chin-
ese workers exposed to high levels of benzene (median:
31 ppm, range: 1.6-328.5 ppm). It is well known that
these kinds of alterations are also commonly found in
leukemia and myelodysplastic syndrome [7,10,13]. Thus,
chromosomal aberrations may be a precursor of future
leukemia risk and other cancers. Additional studies have
further strengthened the association between increased
levels of CA in human lymphocytes and future cancer
incidence and mortality [13,14].

Fluorescence in situ hybridization (FISH) using whole
chromosome painting (wcp) libraries opened new insights
in studying the CA in people exposed to mutagens and in
delimiting individuals at risk [15]. This approach allows
the rapid detection of translocations and other cytogen-
etic alterations, enabling new possibilities of cytogen-etic
dosimetry. This kind of test can also be used to address
the chromosomal rearrangements detectable in individuals
exposed to benzene and delimiting their individual cancer
risk [1,15].

The aim of this study was to describe the cytogenetic
changes on chromosomes 1, 2 and 4 in gas station at-
tendants from Rio de Janeiro, Brazil, that had occupa-
tional exposition to BTX. The obtained results were used
as an indicator for chromosomal damage as a whole,
which happened in this population due to their work
exposure.
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Results

Health report

The gas station attendants routinely work for 6 days a
week, during 8 hours or more per day. As it can be de-
duced from Table 1 the median time of employment in
this activity was 16 years and their median age was 36
years. A low prevalence of smoking (15%) and a mod-
erate consumption of alcoholic beverage (65%) were re-
ported. No illicit drugs consumption (marijuana, cocaine
and ecstasy) and no high consume of alcoholic beverages
were described.

In the medical history of workers vision impairment
(22.6%) was the complaint most frequently reported,
followed by osteoarticular*® (18.5%), cardiovascular
(16.0%) and respiratory tract diseases (12.6%).
Hematological dis-eases (1.8%) were scarce, and no
neoplasic diseases were reported.

Cytogenetic data

A high frequency of CA (> 10 chromosomal abnormal-
ities per 1,000 metaphases) was found in 16.6% (10/60),
whereas 83.4% (50/60) of workers showed no aberrations

Table 1 Biometrics data (clinical and demographic) of gas
station attendants

Biometrics data Results
Gender

Men 50 (83.3%)

Women 10 (16.7%)
Age (years) 36 (£ 13.5)
Duration of exposure (years) 16(+11.8)
Smokers 9(15%)
Ex-smokers 9(15%)
lllicit drug consumption 0(0%)
Drinking 39 (65%)
Ex-drinking 3 (5%)
Blood test Men Women
Erythrocytes (million/uL) 4.9 (£0.32) 4.5 (+0.26)
Hemoglobin 14.4 (£1.14) 12.7 (£1.07)
Hematocrit (%) 42.3 (+2.84) 37.4 (£2.91)
Mean corpuscular volume (fL) 84.9 (4.55) 84.9 (+4.26)
Leukocytes(/uL) 7025(+1677.6)
Neutrophils(%) 57 (+9.26)
Typical lymphocytes 33(+8.39)
Basophils (%) 0.4 (£0.25)
Eosinophils (%) 2.5(+2.52)
Monocytes (%) 7.1(¢1.76)
Platelets (mil/uL) 230(+54.05)
Gamma-GT (U/L) 32(+44.2)

Gamma GT- Gamma glutamyl transpeptidase.
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or less than 10 chromosomal abnormalities per 1,000
metaphases. Table 2 shows the CAs found on molecular
cytogenetic analysis and Figure 1 shows an example of an
abnormal metaphase.

A compared to normal controls (see Discussion) ele-
vated frequency of CAs (9.3 per 1,000 metaphases ana-
lyzed) was found in the gas station workers population.
Among the total CAs the translocations were most fre-
quently found (43.6%), followed by deletions (23.7%);
monosomies (10.9%); chromosomal breaks (12.7%);
chromosomal fragments (7.3%) and trisomies (1.8%).

Translocations of chromosome 2 were responsible for 20%
of total CAs, followed by translocation invol-ving
chromosome 1 (18.2%) and gross deletions within
chromosome 2 (9.1%). Chromosome 1 showed the high-est
percentage of CAs (41.8%) that corresponded to: trans-
locations (18.2%), chromosome breakage (7.2%), deletions

Table 2 Chromosomal abnormalities of gas station workers

Number Chromosomal abnormalities
1 chrb(1); del(1),del(2);chrb(1);(2;?);t(2,?)
2 chrb(1);chrb(4)

3 t(1:2,2).42,7).44,7)

4 t(1;?),chrb(1); ¥(2;?)

5 ace(1)

6 -1,ace(1);del(4p);t(1;?)
7 t(2,7)

8 t(1;?), t(2;?);del(1),del(4)
9 t(1;2)

10 t(1;7)

11 der(1), t (1;2)

12 del(2)4(1;?);(4;7);ace(4)
13 +4

14 del(2)

15 del(4)

16 del(2)

17 del(1), del(2); -4

18 -4,ace(4)

19 t(2;7)

20 -4

21 chrb(4)

22 t(1;7)

23 del(4)

24 -1

25 chrb(2)

26 -1

27 1(4;?)

28 t(1;?)

29 t(2;7)
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der( 1471(1.147)

Figure 1 The figure shows a translocation of chromosome 1. The home
made probes were conjugated with spectrum Orange for painting the
chromosome 1 (red in the picture); spectrum FITC for painting the
chromosome 2 (light blue in the picture) and spectrum DEAC for
painting the chromosome 4 (green in the picture). DAPI was used with

anti-fade solution (dark blue in the picture).

(7.2%), monosomies (5.4%), and formation of chromo-
some fragments (3.6%). Chromosome 4 had the lowest
percentage of CAs observed (27.3%). Among the CAs of
chromosome 4 the most common were deletions (7.2%),
followed by translocations (5.4%), monosomies

(5.4%), chromosome breaks (3.6%), chromosome frag-
ments (3.6%) and trisomies (1.8%).

The number of translocations was compared to other
chromosomal aberrations that were found. Table 3 shows
that significantly differences were present, pointing that
monosomies (p = 0.022), trisomies (p = 0.00) and chromo-
somal fragments (p = 0.007) were less frequent than trans-
locations in chromosome 1. In Table 4 the same analysis was
done for chromosome 1 and 2. The translocation of
chromossome 2 was the most frequent aberration seen in this
chromosome. The overall-involvement of transloca-tions in
rearrangements did not show any significant dif-ferences for
the number of translocations of chromosome 4 compared to
the other chromosomal aberrations.

Association between the cytogenetic results and clinical
and demographic data

For possible associations between the clinical characteris-
tics and the frequency of CAs the subjects were divided
into two groups (< 10 CAs per 1,000 metaphases = group
1, and > 10 CAs per 1,000 metaphases = group 2). The
statistical analysis revealed highly significant differences
in skin color distribution between the groups (p = 0.002).
Similarly, we found, when statistical analysis were done,
differences only concerning blacks and whites between
the two groups (p < 0.01, OR =9.02 and 95% CI [1.54 to
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Table 3 Statistical analysis between translocations and
others chromosomal abnormalities of chromosomes 1, 2
and 4

Number of chromosomal aberrations P-valor

Translocation 24 Aberration
compared

Chromosome 7 0.000

breakage

Chromosome 4 0.000

fragment

Deletion 13 0.026

Monosomy 6 0.000

Trisomy 1 0.000

97.77]). It was observed that blacks have a lower number
of CA than whites. Also we observed on the gender
analyze that 88% of male workers were in group 1 and
12% in group 2, while it were 60% of female workers in
the group 1 and 40% in group 2.The statistical analysis re-
vealed weak significant differences in gender distribution
between the two groups (p = 0.052, OR = 4.71 and 95%
CI [0.76 to 28.05]).

To assess whether the frequency of CAs has associ-
ation on hematological and biochemical parameters Table
5 was established. No significant associations were found
between frequency of chromosomal aber-ration and whole
blood cell count (WBC), red blood cell count (RBC),
Gamma-glutamyltransferase (p > 0.05) and

Table 4 Statistical analysis between translocations and others
chromosomal abnormalities of chromosome 1 and 2

Number of chromosomal aberrations  P-valor

Chromosome 1

Translocation 10 Aberration
compared

Chromosome 4 0.055

breakage

Chromosome 2 0.007

fragment

Deletion 4 0.055

Monosomy 3 0.022

Trisomy 0 0.000

Chromosome 2

Translocation 11 Aberration
compared

Chromosome 1 0.000

breakage

Chromosome 0 0.000

fragment

Deletion 5 0.039

Monosomy 0 0.000

Trisomy 0 0.000

40

Page 4 of 7

platelets count (p = 0.059), however for the latter p-value
was borderline.

Discussion

In the present study, the frequency of CAs in peripheral
blood lymphocytes of Brazilian gas station workers was
used as an effect biomarker of BTX exposure. The chro-
mosomes pairs 1, 2 and 4 represent together 21.87% of
human genome. Thus they were chosen for the cytogen-
etic paint analysis as representatives of the entire human
genome as previously described by Verdorfer and col-
leagues [15].

A questionnaire analysis showed a population with a
low median age, albeit with long period of exposure. We
did not detect inappropriate health behaviors on life style
questions. The self-reported medical history showed that
the main health problems were related to acute symptoms;
reported sight changes appeared to be mainly associated
with direct irritant action of fuel vapor in eyes (no masks
are used). Osteoarticular diseases were most likely due to
the long period of time in physical labor. Hematological
and neoplasic diseases were rarely/not reported by wor-
kers, which was most likely due to the quiet character of
the natural history of these diseases and the fact that they
lead quickly to absence from work. Also they are late ma-
nifesting diseases, which might not be present in the on
average young population studied.

It should be remembered that fuel volatile fraction con-
tains chemicals other than BTX that may act as aneugens
or clastogens. It is likely that the workers in this study
were exposed simultaneously to several other complex
chemicals. However, considering the different behaviors
of environment chemicals once released, the significant
rela-tionship observed with respect to BTX concentration,
in-dicates a specific role for BTX, mainly for the benzene,
in this association [9,16].

Several studies examined cytogenetic endpoints in sub-
jects exposed to petroleum fuels, auto exhaust, or other
organic solvents [1,10,17-23]. The benzene exposure has
been strongly associated with increased chromosomal ab-
normalities in the lymphocytes in individuals without dis-
eases [22]. Verdorfer and colleagues analyzed with same
technique different groups of individuals with different
types of exposures [15]. In our study the workers had a
higher frequency of chromosomal abnormalities when
compared with Verdorfer groups (control group, military
occupied in nuclear area and radiology workers) [15].

In the present search were found 10/60 of workers with
high number of chromosome abnormalities (all workers
with 220 abnormalities per 1,000 metaphase). It is worth
to note that in a normal control group only 4/ 60
individuals with high number of chromosome abnor-
malities could be expected (220 abnormalities per 1,000
metaphase) [15].
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Table 5 Associations between the frequency of chromosomal abnormalities and biometrics (clinical and
demographic) data
Biometrics data < 10 chromosomal abnormalities >10 chromosomal abnormalities p-value
per 1000 metaphases per 1000 metaphases
Gender 0.052
Women 6 4
Men 44 6
Age (year) 34.00 (£13.73) 42.00 (£12.51) 0.177
Time of employment (year) 1250 (+12.53) 18.00 (£8.41) 0.433
Skin color 0.002
Black 33 2
White 14 8
Native American 2 _
Asian 1 _
Platelets (mil/uL) 23150 (+52.41) 195.0 (+61.82) 0.059
Gamma-GT (U/L) 32.0 (+48.47) 32.5 (£12.58) 0.944
Leukocytes (/uL 7020 (+172) 6930 (+151) 0.835
Neutrophils (%) 56.58 (+9.66) 57.00 (+5.48) 1.000
Eosinophils (%) 2.80 (+2.65) 184 (£1.49) 0.312
Basophils (%) 0.35 (+0.25) 027 (x0.27) 0.585
Typical lymphocytes (%) 3320 (£8.94) 31.20 (+4.89) 0.565
Monocytes (%) 710 (+1.84) 728 (£1.43) 0.866
Women
Erythrocytes (million/uL) 448 (+0.22) 451  (£0.35) 0.521
Hemoglobin 13.15 (+0.9) 12.30 (+1.44) 0.669
Hematocrit (%) 38.80 (£3.01) 36.00 (+3.11) 0.915
Mean corpuscular volume (fL) 84.45 (+4.17) 84.90 (4.88) 0.915
Men
Erythrocytes (million/uL) 4.92 (x0.48) 500 (+0.13) 0.855
Hemoglobin 14.30 (¢1.21) 1470 (£0.71) 1.000
Hematocrit (%) 42.90 (+3.06) 41.80 (£1.37) 0.944
Mean corpuscular volume (fL) 84.90 (+4.89) 84.90 (+2.42) 0.944

Gamma-GT - Gamma-glutamyltransferase. Gender: OR (95% CI) = 4.71 (0.76 - 28.05). Skin color: Native American and Asian were excluded from
statistical analysis because the sample size were below 5; OR (95%) = 9.02 (1.54 a 97.77).

CAs have a direct association with malignancy. An in-
duced chromosomal instability could also predispose
cells to further mutations and by that to an increased

risk of malignant transformation [24]. Several researchers
studying acute exposure of workers to fuel or organic sol-
vents reported gaps and chromosomal breaks as the
chromosomal abnormalities most often detected [16].
While chromosomal translocations were described as
markers of chronic exposure that dating back up several
years of benzene exposure, so the number of transloca-
tions may be a parameter for long term exposure to ben-
zene or BTX [15,25,26]. Thus, the elevated involvement of
chromosomal translocations found in this study should be
most likely due to the long years of workers exposure.
Also, chromosome breaks detected in conventional

cytogenetic studies cannot be detected in FISH (own un-
published data).

It is worth remembering that significant decreases of
WBC, RBC and platelet counts already been observed in
human populations exposed to high levels of benzene
[11,27]. However, we did not find a relationship between
the frequency of CAs and the rates of WBC or RBC
counts in the studied population. The presence of isolated
thrombocytopenia is a change which was previously de-
scribed in literature [28]. Remarkably, the statistical
positivity association of platelet decreased counting with
frequency of CAs was closer. Further and longer studies
are needed to associate the effects of BTX exposure be-
tween frequency of CAs and hematological changes
with broad range of exposures.
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In our study a weak association between gender and
frequency of CAs were found. It is serious concern the
possibility of women’s genome be severely more affected
by BTX exposure. Several epidemiological studies
support the idea that genotoxic and nongenotoxic events
following ben-zene exposure may be initiators of
childhood leukemia in utero [1]. Another study on AML
have shown that the dis-ease is usually initiated in utero
because the leukemic trans-locations and other genetic
changes are present in blood spots collected at birth [29-
31]. Thus, mother exposure to benzene could be just as
important as childhood expo-sures in producing childhood
AML and acute lympho-blastic leukemia.

Conclusion

The number of workers with high amount (10/60) and the
high frequency of CAs (9.2 per 1,000 metaphase) found
shows how necessary it would be to expand this study
nationwide, since Brazil has great ethnic and cul-tural
diversity. The results obtained are valuable, but were only
obtained from 5 gas stations in Rio de Janeiro city, a pilot
study. It is necessary to better understand the risks that
these workers are exposed, so that we can be effective in
preventing diseases and maintaining the health of these
workers and possibly the offspring.

Methods

This study was approved by the local ethics committee
(Instituto Nacional de Céancer — INCA, Brazil). All sub-
jects were informed for each individual about the nature
of the study, the potential benefits, and the risks. Partici-
pation was voluntary and written informed consent was
obtained from each subject before study participation.

Population study

The study included 50 male and 10 female workers re-
cruited on 6 gas stations, in Rio de Janeiro city. A trained
interviewer questioned the members of the study popu-
lation regarding their age, sex, race, life-style (smoking
habits, alcohol and illicit drugs consumption, etc.) and
medical and work histories.

Peripheral blood samples were collected for complete
hemogram, biochemistry tests and cytogenetics. The cyto-
genetic analyses were made for delimiting workers at risk
and for allowing associations between the frequency of
CA and clinical characteristics.

Chromosome preparation

Blood samples, 2 ml of heparinized whole blood, were
collected by venipuncture. For each sample two cul-tures
were performed according standard technique of
lymphocyte cultures. Chromosomes were prepared ac-
cording to standard procedures after 48 hours of culti-
vation [32].
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FISH was done as previously reported [15] using home
made wcp probes for chromosomes 1, 2 and 4 [33]. Per
gas station worker 100 metaphases should be analyzed,
this was possible in 47 cases. In the remainder 13 cases 34
to 97 metaphases were available.

Hematological and biochemistry analysis
The hematological analysis consisted of complete he-
mogram measuring of hemoglobin, hematocrit, mean
corpuscular volume and white blood cell counts. The
biochemistry analysis consisted of measuring gamma glu-
tamyl transpeptidase (Gamma GT), aspartate transamin-
ase (AST), glutamic pyruvic transaminase (TGP), lactate
dehydrogenase (LDH), bilirubin, creatinine and c-reactive
protein.

All blood tests were analyzed in the central laboratory
of INCA, according to standard haematological methods.

Statistical analysis

Subjects were divided into two groups (< 10 chromo-
somal abnormalities per 1,000 metaphases and > 10
chromosomal abnormalities per 1000 metaphases) and
compared to clinical characteristics (age, time of em-
ployment, race, hemoglobin, leukocytes, etc.) by either
Mann-Whitney test or chi-square test (if either quanti-
tative or dichotomic variable). The Mann—-Whitney test
was performed because the variables quantitative did not
have a Gaussian distribution in most of situation. For
cytogenetic analyses the Chi-Square Goodness-of-Fit test
was performed to evaluate statistical differences of chro-
mosomal aberrations distribution among chromosomes 1,
2 and 4. For all statistical tests p < 0.05 was considered
sig-nificant. All analyses were carried out using the
PASW software (Version 18, Inc., Chicago, IL, USA).

Endnotes

3*Qsteoarticular is defined as disease relating to, in-
volving, or affecting bones and joints.
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Abstract

Background: Brazilian gas station workers are chronically exposed to benzene, toluene, xylene (BTX) during their
working time. Describe below two cases of latin female gas station workers with benzene poisoning symptoms and
miscarriage history.

Case presentation: In both cases were identified complex chromosomal rearrangements (CCR) with fluorescence
in situ hybridization, applied to whole chromosome paints by chromosomes 1, 2 and 4. The lower natural killer cell
(NK) cells have also been observed in cases correspondents, especially the rare type of NK (NKbright) in their periph-
eral blood cells.

Conclusions: It is known that acquired chromosomal aberrations are positively correlated with cancer and reproduc-
tive risk. In concordance, lower NK cytotoxicity increases the risk for cancer, as well. Thus, this is the first study provid-
ing hints on a possible causative relation of lower NK cytotoxicity and increase rates of chromosomal rearrangements

including CCRs.

Keywords: Benzene, Toluene, Xylene, Cytogenetic, Painting chromosome, Natural killer

Background

Brazilian gas station workers are chronic exposed to ben-
zene, toluene and xylene (BTX), mainly benzene, during
the working time [1]. Chronic exposure to benzene may
lead to progressive degeneration of bone marrow, aplastic
anemia and/or leukemia. According to the U.S. Depart-
ment of Labor only a detailed history and appropriate
investigative procedures will enable a physician to rule
out or confirm the benzene poisoning [2]. To assist the
examining physician the cytogenetic tests with fluores-
cence in situ hybridization (FISH) shown to be a new and
valuable tool to determine the workers in risk [3]. Genetic
damages caused by benzene include sister chromatid
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exchanges, DNA cross linking agents, DNA adduct for-
mations, and impairment of DNA repair mechanisms [4].

Since 2010, 115 gas station attendants have been moni-
tored in Rio de Janeiro city, Brazil applying FISH, using
whole chromosome painting (wcp) probes for chromo-
somes 1, 2 and 4. Among the study group, the medi-
cal inquiry identified two female gas station attendants
with signs and symptoms of acute benzene intoxica-
tion, associated with history of abortions. Added to the
cytogenetic tests an large hematological evaluation by
cytometry were made and found a down regulation of the
natural killer (NK) cells association an acquired complex
chromosomal rearrangements (CCRs).

Case presentation

Case 1

A 25-year-old latin woman, working 8 h per day, 6 days
a week, for the last 4 years as a gas station attendant

© The Author(s) 2017. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,

and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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had one gestation with miscarriage in the first half of
pregnancy. Headache, dizziness irritability, asthenia
and normal menstrual cycle were reported. A physical
examination showed changes in the thyroid gland, nod-
ules in the right lobe, and a nonspecific pulmonary aus-
cultation. The attendant also reported being a former
smoker and not having a family history of cancer. Was
found in 1/100 metaphases a CCR involving 8 chromo-
somal breakpoints described as: 46,XX,der(1)t(1;4),der(4)
t(1;45?),ace(1),ace(1), (Fig. 1). Hemogram showed mild
neutopenia (1470 cells/mm?®) and biochemistry tests
revealed no changes compared to normal values as
described in Table 1. On the other hand, the immu-
nophenotypic analysis confirmed neutropenia (33.00%),
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with a lower NK cell count (2.28%), with all NK CD56-+/
CD16— (Table 2; Fig. 1).

Case 2

A 40-year-old latin woman, who was not a smoker or
drug addict, working 48 h a week for the last 9 years as
a gas station attendant had a pathological history of one
miscarriage in the first half of pregnancy. Anxiety, dizzi-
ness, cramps, asthenia and normal menstrual cycle were
reported. No physical examination alteration and no
family history of cancer were observed. For case 2, Fig. 1
shows one CCR, which was found in 1/100 metaphases,
described as der(4)ins(2;4), which was due to a 3 break-
point event. Complete hemogram and biochemistry tests

positive) are CD16 negative, thus all are sub-sets of NKPri9ht

Infinicyt® software

Fig. 1 CCRs found in case 1 and 2 and flow cytometric analyses of NK cell subsets. Case 1: @ CCR—der(1)t(1;4),der(4)t(1;4;7),ace(1),ace(1). b, flow
cytometric analyses of NK cell of case 1. Show all NK cells (CD56 positive) are CD16 negative, thus all are sub-sets of NKP9Nt Case 2: € CCR- ins(2;4).
Chromosome 2 was folded and thus looks shorter due to preparation. d flow cytometric analyses of NK cell of case 1. Show all NK cells (CD56

., b the probes were conjugated with TexasRed to label chromosome 1 (red), Diethyl-
aminocoumarin (DEAC) for chromosome 2 (lightblue) and fluorescein isothiocyanate (FITC) for chromosome 4 (green). Other chromosomes were
counterstained with DAPI (dark blue). ¢, d BD FACSCanto Il cytometer was used in both cases and the data analyses were performed using the

e ¥
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Table 1 Biometrics data (clinical and demographic) of 2
female gas station attendants

Biometrics data Case 1 Case 2
Smokers No No
Ex-smokers Yes No
llicit drug consumption Yes? No
Alcohol abuse Yes No
Family history of cancer No No
Blood test
Erythrocytes (108/uL) 40 42
Hemoglobin (g/dL) 12.0 12.5
Hematocrit (%) 36.1 380
Mean corpuscular volume (fl) 88.7 886
Leukocytes (/ul) 4620 7410
Neutrophils (%) 32.1 574
Typical lymphocytes (%) 56.7 345
Basophils (%) 0.6 04
Eosinophils (%) 3.7 1.5
Monocytes (%) 6.9 6.2
Platelets (10%/uL) 230 312
Reticulocytes (%) 1.21 0.7
Gamma-GT (U/L) 310 14.0
Oxaloacetic transaminase (U/L) 0.23 17.0
Pyruvic transaminase (U/L) 15.0 11.0
Creatinine (mg/dL) 0.6 0.7
Total bilirubin (mg/dL) 0.23 0.38
Lactate dehydrogenase (mg/dL) 252 320
Rheumatoid factor (IU/mL) 9.6 95
C reactive protein (mg/dL) 0.11 012

Gamma GT Gamma glutamyl transpeptidase
2 Marijuana

showed no abnormalities in comparison with normal
values, as described in Table I. Like case 1, the immu-
nophenotypic analysis of case 2 resulted in a lower NK
cell count (1.51%), with all NK CD56+/CD16— (Table 2;
Fig. 1).

Conclusions

We characterized cytogenetic, hematological, and immu-
nophenotypic status in two female gas station attendants,
who working in gas station with a proved harmful envi-
romental concentration of BTX. The following abnor-
malities were found: CCRs, a decrease in NK cells with
abnormal CD16 expression, and early pregnancy loss.

It is well known that gas station workers are exposed
to potentially harmful chemicals including BTX. How-
ever, benzene is considered the main carcinogenic
agent (group 1 according to IARC) and studies associ-
ate this compound with acquired cytogenetic altera-
tions [5-7]. Among various forms of benzene-induced
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Table 2 Results of Inmunophenotyping by flow cytometry

Monoclonal Lymphocyte Monocyte Granulocyte Eosinophil
antibody
Case 1
Percent of 54.1 6.7 33.00 3.03
total cells
CcD4 28.56 - - -
cbs 13.75 - - -
CD4+4CD8 4231 - - -
CD5 44.20 - - -
cb7 50.00 - - -
CD2 46.60 - - -
CD3 4187 - - -
cD16 0.00 0.00 36.5 0.00
CD56 2.28 0.00 0.00 0.00
CD16 4+ CD 2.28 0.00 0.00 0.00
56 (NK)
D19 5.77 - - -
CD20 6.10 - - -
CcD10 0.07 - 2894 -
cb27 0.00 0.00 0.00 3.52
CD22 5.88 0.00 0.00 0.00
HLA-DR 7.23 642 0.00 4.00
CD11c 3.08 7.06 324 3.52
CD25 0.00 0.00 0.00 5.70
Case 2
Percent of 31.23 54 63.6 0.16
total cells
cD4 13.51 - - -
cbs 9.08 - - -
CD4 4 CD8 2259 - - -
CD5 30.85 - - -
Ccb7 25.17 - - -
CcD2 24.36 - - -
CD3 2259 - - -
CD16 0.00 0.00 55.06 0.00
CD56 1.51 0.00 0.00 0.00
CD16+CD 1.51 0.00 0.00 0.00
56 (NK)
CcD19 5.58 - - -
CD20 559 - - -
CD10 0.13 - 46.09 -
Ccb27 0.00 0.00 0.00 0.00
CD22 4.88 0.00 0.00 0.00
HLA-DR 4.89 7.2 0.00 0.00
CD11c 0.20 3.75 49.12 0.00
CD25 0.00 0.00 0.00 0.00

genetic alterations, aneuploidy and chromosomal break-
age are the most studied [4]. Chromosomal aberrations
in peripheral blood lymphocytes of chronically benzene-
exposed patients were previously documented [5-7].



Santiago et al. BMC Res Notes (2017) 10:52

Zhang et al. [5] reported dose-dependent chromosomal
aneuploidies (mono- and trisomies) in the peripheral
blood lymphocytes of workers exposed to benzene. In
our study, we analyzed CAs only in three pairs of chro-
mosomes, which make up 22.8% of the human genome.
It’s a cheaper and faster test to estimate the DNA damage
when compared to whole genome CA screening. Chro-
mosomal aberrations (CAs) of high complexities could
be detected in 1 out of 100 metaphases per patient (i.e.
1%). The rate of CCRs in normal controls lies between
0 and 0.5%, determined in 1000 metaphases, each [8].
In the present study, only 100 metaphases could be ana-
lyzed per case. Thus, the finding of one meta- phase with
a CCR among 100 cells is at least noteworthy.

Even though CCR detection in peripheral blood is not
directly correlated with enhanced cancer risk, it should
be kept in mind that such CAs may indicate increased
radio- and/or chemosensitivity. As tumors may be
induced by environmental factors in combination with a
special genetic susceptibility, the two cases reported may
be at risk of acquiring malignancies [8].

As is well known, meiosis is a complex process con-
trolled by different checkpoints, but males and females
respond differently to meiotic disturbances [9]. Dur-
ing oogenesis, meiosis is generally pursued leading to
the formation of aneuploid gametes or with single gene
mutations.

Thus, in gametes, acquired genetic changes can be
passed on to the next generation. Several epidemiological
studies support the idea that genotoxic and nongenotoxic
events following benzene exposure may be initiators
of childhood leukemia in utero [10]. Another study on
AML has shown that disease is usually initiated in utero
because the leukemic translocations and other genetic
changes are present in blood spots collected at birth [10,
11]. Also interesting is the fact that the majority of the
CCR cases are reported in females ascertained through
repeated spontaneous abortions or the birth of a mal-
formed child [11].

Besides the detected CCRs pointing towards enhanced
chemosensitivity, these two female workers had hemato-
logical and immunological abnormalities characterized
by mild leukopenia (case 1) and NK abnormalities. There
are some studies concerning benzene with hematologi-
cal and immunological abnormalities in humans [12-16].
The effects of immunotoxicity induced by benzene are
depression and alteration of both the immune system
mediated by cells and the humoral system [15]. Lan
et al. [13] observed that leucocytes, B and CD4+-T cell
counts, were significantly decreased in workers exposed
to benzene compared to the controls. In another study,
the number of T lymphocytes, lymphocytes T CD4 and
T CDS8, and NK cells was reduced in the percentages
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and absolute numbers, and an increase in the mono-
cyte count in workers during the period of exposure was
found [15]. Thus, it was suggested that the depressive
effect of benzene on the T and NK cells may be a factor
of the probable carcinogenic activity of benzene through
the immune system.

Natural killer (NK) cells are immune effector cells that
recognize both virally infected and malignant target cells.
Surprisingly, the results of the immunophenotypic analy-
sis revealed NK CD56 positive (normal fluorescence) and
CD16 negative in both cases, suggesting the presence
of the rare subtype NK bright in the peripheral blood,
which has low cytotoxic action [15]. It is possible that the
action of BTX on the immune system had blocked the
transition of immature CD56 bright cells into CD56 dim
cells. In agreement with this finding, an 11 year follow
up study showed that low NK cytotoxicity of peripheral
blood lymphocytes correlates with an increased risk for
cancer [16].

The identifications of chromosomal abnormalities and
NK downregulation in the blood may be a new indicator
for effective follow up of workers exposed to BTX, pre-
venting diseases mainly important for females and their
offspring. Further studies with a larger number of work-
ers are necessary to confirm the results found.
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Background

BTEX (benzene, toluene, ethyl benzene, and xylene) are aromatic hydrocarbons
widely used as solvents in fuels, being chemical contaminants in gas station
environments. Benzene is considered the main carcinogenic agent (Group 1 according
to IARC), and the association with cancer is well-established’. In Brazil, as self-service
fuel filling at gas stations is illegal, gas station workers (GSWs) have to fill the fuel in
the car’s tank; due to this, they are chronically exposed to high concentrations of BTEX.
Although the mechanisms by which BTEX causes genotoxic effects are not fully clear,
there is evidence that the function of a wide range of cellular targets are perturbed by
specific metabolites and reactive oxygen species (ROS). Genotoxic effects include: (i)
inhibition of topoisomerase II; (ii) adduct formation of reactive metabolites; (iii)
oxidative DNA damage; (iv) error-prone DNA repair; and (v) epigenetic alterations’.

Chromosome alterations (CAs) are standardized biomarkers of early biological
effects in human biomonitoring. In fact, CAs in peripheral blood lymphocytes reflect
inter-individual sensitivity to exogenous genotoxic substances and can be used as
biomarker of carcinogenic risk>*. Fluorescence in situ hybridization (FISH) using whole
chromosome painting (wcp) probes allows a rapid detection of CAs, enabling new
possibilities of cytogenetic dosimetry’*.

It is suggested that DNA repair mechanisms do not work correctly in GSWs who
have high somatic rates of CAs. In this way the mutated DNA perpetuates in the
daughter cells, thus inducing the development of cancer’. RAD, ATM, and CHEK genes
play a role in the DNA double-strand break repair and RADS5S1/G135C, ATM/P1054R,
and CHEK2/T470C polymorphisms are related to many cancers, such as prostate,

8,9,10

breast, and head and neck cancer, and leukemias . The ATM gene is located on

chromosome 11 and encodes a serine threonine kinase that is activated in response to
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DNA double-strand breaks. ATM participates in DNA repair by phosphorylating
downstream proteins involved in cell cycle checkpoint control, apoptosis, and DNA
repair. CHEK?2 is located on chromosome 22 encoding a serine threonine kinase
involved in the DNA damage response'’. RADS5] is located on chromosome 15 and
codes for a bacterial RecA recombinase homolog, central to the Homologous
Recombination Repair (HRR) mechanism. The RADS51 protein is critical for
maintaining genomic integrity by repairing DNA double-strand breaks®. These
polymorphism prone genes involved in DNA repair were analyzed in the present study
to verify the presence of genetic susceptibility in GSWs. It should be noted that genetic
variations in DNA repair genes could alter the DNA repair capacity, leading to
accumulation of DNA damage, followed by programmed cell death or unregulated cell
growth and may account, in part, for the cancer development.

The aims of this study were to evaluate the health of the 114 GSWs working in
Rio de Janeiro and 115 controls. Medical inquiries, hematological and biochemical
evaluations, CA-rate in lymphocytes using three-color chromosome painting (Chrs 1, 2,
and 4), and the assessment of the RAD51/G135C, ATM/P1054R and CHEK2/T470C

polymorphisms were performed.
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MATERIALS AND METHODS

Population study

This is a workplace-based case-control study with 114 workers (60 men and 54
women) recruited at 11 gas stations in Rio de Janeiro and 115 age-matched controls (64
men and 51 women). A trained interviewer questioned the members of the study
population regarding their age, sex, race, life-style (smoking habits, alcohol and illicit
drug consumption, etc.), as well as medical and occupational histories. Peripheral blood
samples were collected for complete hemogram, biochemistry, and cytogenetic tests.
The workers were divided into two groups (group 1, < 10 chromosomal abnormalities
per 1,000 metaphases; and group 2, >10 chromosomal abnormalities per 1,000
metaphases) and compared to clinical characteristics and genotyping results. This study
was approved by the local ethic committees of Universidade do Estado do Rio de
Janeiro — UERJ (34310014.9.0000.5259/14) and Instituto Nacional de Cancer - INCA
(121/09), Brazil, and all subjects were informed about the potential benefits and risks of

this study.

Hematological and Biochemistry Analyses

The hematological analysis consisted of a complete hemogram, while the
biochemistry analysis consisted of measuring gamma glutamyl transpeptidase (gamma-
GT), direct bilirubin, and reticulocyte levels. All blood tests were performed in the

routine laboratories of UERJ/HUPE and INCA according to standard methods.

Cytogenetic Analyses

The cytogenetic analyses were performed for delimiting GSWs at risk as

previously described and for allowing associations between the frequency of
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lymphocyte CAs, genotyping results, and clinical characteristics®. Blood samples, 2
ml of heparinized whole blood, were collected by venipuncture. Lymphocyte cultures
were performed and chromosomes were prepared according to standard procedures after
48 hours of cultivation''. FISH was done as previously reported using homemade wep
probes for chromosomes 1, 2, and 4>°. One hundred metaphases were analyzed per

GSW and 200 metaphases in 11/115 controls.

Genotyping

Genomic DNA from peripheral blood leukocytes was obtained by phenol-
chloroform extraction and analyzed by polymerase chain reaction and restriction
enzyme digestion (PCR-RFLP) assays for RADS51/GI135C, ATM/P1054R, and
CHEK2/T470C polymorphisms according to previous publications9’10’12. The PCR
reactions were carried out in the VeritiVR Thermal Cycler (Applied Biosystems) and
were done using 50-200ng of genomic DNA, 0.4uM of each primer, 1XxPCR buffer,
250uM of dNTPs, 1.5mM of MgCl,, and 1-2.5 units of Taq polymerase in a 50ul
reaction volume. PCR products were digested with Mval (RAD51/G135C, 60 C for 1h),
Alwl (ATM/P1054R, 37°C for 1h), and Pstl (CHEK2/T430C, 37 C for 5 min) (New
England Biolabs), and then separated by electrophoresis in 10% polyacrylamide, and
the digested/separated products were further visualized by silver staining. Positive and

negative controls were used in all reactions.

Statistical Analysis

The Hardy—Weinberg (HW) equilibrium was tested using the Chi-Square (v2)
statistic for the goodness-of-fit test for each polymorphism, and the differences in the
allele and genotype frequencies between groups were analyzed using standard v2 or

Fisher’s exact tests. In the distributed variables, a nonparametric Mann—Whitney test or
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Goodness-of-fit test (multinomial distribution) was used for comparison of the
distributed variables between groups using the IBM SPSS (Version 20). The odds ratio
(OR) was also calculated. For all statistical tests, P-value<0.05 was considered
significant. Inconclusive results concerning blood exams and molecular analysis, and
uncertain questionnaire information were excluded from the statistical analysis.

Results

Health report

The GSWs interviewed in this study routinely worked for 6 days a week, for 8
hours or more per day, with 6.92 years of median time of employment. Regarding age,
there were no significant differences between the workers (38.84+12.42) and the control
groups (36.43+£12.93) (P=0.101). As for race, 52.6% (60/115) self-declared as Mulatto,
14.9% (17/115) White, 28.9% (33/115) Black, 1.8% (2/115) Native Indians, and 1.8%
(2/115) Asiatic. A low prevalence of smoking (7%) and moderate consumption of
alcohol beverage were identified. No statistical differences were found between alcohol
consumption, illicit drug use (marijuana, cocaine, and ecstasy), smoking, and race
between workers and controls (P=1.000; P=1.000; P=0.293; P=1.000, respectively;
Table 1). Despite no statistical difference for gender between workers and controls, a
higher number of women were observed in group 2 (68.2%) compared to group 1
(42.4%) (P=0.035).

Regarding the comparative analyses of blood tests, monocytes, eosinophils,
basophils, hemoglobin (men), hematocrit (men), and gamma-gt were found to be
significantly higher in the workers group, when compared with the controls (P=0.001;
P<0.001; P<0.001, P=0.001, P=0.003, and P<0.001, respectively). On the other hand,

platelets, erythrocytes (women), hemoglobin (women), and neutrophil levels (P= 0.001,
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P=0.001, P=0.003 and P=0.001, respectively) were lower. It should be noted that only
monocytes were associated with a high CA-rate (P=0.024, group 1 vs. group 2).

Table 2 shows the main somatic symptoms reported by the workers. A higher
number of workers recorded weakness (19.3% vs. 6.1%; P=0.005), dizziness (27.9% vs.
7.9%; P=0.000), drowsiness (24.1% vs. 10.5%; P=0.008), headache (37.7% vs. 18.6%;
P=0.002), and irritability/nervousness (50.0% vs. 15.8%; P=0.000) when compared to
the controls. Also in the medical inquiry, bruises, epistaxis, arterial hypertension,
osteoarticular, and otorhinolaryngologic diseases were the health problems frequently
reported by the workers and with statistical difference when compared with controls, as
seen in Table 3 (P=0.000; P=0.000; P=0.001; P=0.000 and P=0.035, respectively). Also
noteworthy is the high frequency (77.8%) of spontaneous abortions in the first trimester
of pregnancy of total abortions reported by the female workers in comparison with
female controls (11.1%) (P=0.015), Table 3.

Table 4 shows risk behavior adopted by GSWs during their work time and compares the
results between the groups (Group 1 vs. Group 2). Note that both groups presented

13

similar results for “use the cleaning flannel” (P=0.551), “smell the fuel cap before
refueling” (P=1.000), “approaches the face when fueling to the limit” (P=0.800) and

“aspirates fuel with the mouth” (P=1.000). However, statistical difference was found for

“untrust in the automatic fuel supply” (Group 2, 76.5% vs. Group 1, 50%; P=0.027)

Early effect biomarker data
The GSWs CA-rate was 9.8 CAs/1,000 metaphases, and a high frequency of
CAs (> 10 CAs per 1,000 metaphases) was found in 19.1% (22/114) of GSWs, whereas

80.9% (92/114) of workers showed no aberrations or less than 10 CAs per 1,000

metaphases, and no CAs were found among controls.
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Chromosome 1 with 38.4% (43/112) of CAs was the most affected, followed by
chromosomes 4 (32.1%) and 2 (29.4%); however, no statistical difference was found
between the chromosomes and CA distribution (P =0.494). Among the total CAs, the
translocations were most frequently found (38.4%), followed by monosomies (14.3%);
deletions (13.4%); chromosomal fragments (13.4%); chromosomal breaks (11.6%);
chromosome derivatives (5.3%); trisomies (1.8%), and inversion (1.8%)(see Table 5).
In Table 4 we described the types of CAs for each chromosome analyzed. Figure 1
shows an example of CAs found in one female worker (CAs - del(1),der(2),t(2;?),

der(4),t(4;7)).

Genotyping

The RADS51/G135C, ATM/P1054R, and CHEK2/T470C polymorphims were
determined for GSWs and controls. The RAD5I/GI35C and ATM/P1054R
polymorphims did not show deviation from the HW equilibrium in the population
analyzed (P=0.322, P= 0.632, respectively), Table 6. However, the variant
CHEK2/T430C was not found in GSWs or controls; thus, these results were not
considered for statistical analysis. Neither RADS51/GI35C nor ATM/P1054R
polymorphisms were associated with gender or ethnicity. In a comparative population
analysis, the frequencies of ATM/P1054R showed no statistical difference between total
workers and controls (P= 0.930); however, by the Chi-Square test the frequencies of
RAD51/G135C were different (P=0.011) (see Table 6).

There was a positive association for a number of CAs per GSW and variants of
RADS51/G135C genotypes (P=0.008, variant/variant + wild/variant vs. wild/wild; P=
0.011, variant/variant vs wild/wild; and P=0.034, wild/variant vs. wild/wild), Table 7.

Similar results were found for the distribution of the number of abnormal metaphases
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per workers (P=0.005, variant/variant + wild/variant vs. wild/wild; P= 0.004,
variant/variant vs. wild/wild; and P=0.028, wild/variant vs. wild/wild) (see Table 7).

Regarding the comparative analyses for types of chromosomal alterations and
RAD51/G135C genotypes, we found a higher number of chromosome fragments
(P=0.004, wild/variant vs. wild/wild; P=0.014, variant/variant + wild/variant vs.
wild/wild) and chromosome breaks (P=0.013, wild/variant vs. wild/wild) between
variant allele genotype groups (Table 8).

The frequencies of ATM/P1054R genotypes were compared between the
workers and controls, and no significant difference was detected, indicating that the two
populations were equivalent (see Table 9). Only a weak positive association with
chromosome breaks was detected, when compared between variant/variant -+
wild/variant vs. wild/wild genotypes (P= 0.054),(see Table 10). To assess the capacity
of variant alleles RAD51/G135C and ATM/P1054R to detect the workers with CAs, the
sensitivity and specificity were calculated. Note a considerable specificity for
RAD51/G135C (87%) and ATM/P1054R (79%); however, lower sensitivity was found
for both 28% and 14%, respectively. When the specificity was calculated for

RAD51/G135C and ATM/P1054R together, the value found was 82% (see Table 6).
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Discussion

The association between three dysfunctional polymorphisms (RAD51/GI135C,
ATM/P1054R, and CHEK2/T470C) and CAs, as an early effect biomarker, was
evaluated in this case-control study. In addition, comparative medical and
epidemiological inquiries were applied to cases and controls. The collected data
revealed a higher number of women and GSWs who reported “untrust in the automatic
fuel supply” between the workers with > 10 CAs per 1,000 metaphases (group 2).
However in the same group a lower rate of monocytes was found. The GSWs who
reported “untrust in the automatic fuel supply” hold their face close to the fuel tank to
hear or to see the gasoline rising when fueling the car, thereby increasing the BTEX
exposure.

Major areas of research about GSWs" health have focused on two main points:
(i) strategies for early diagnosis of benzenism, clinical and laboratory findings; (ii)
prevention with socio-educational orientation; and (iii) finding accurate biomarkers for

occupational cancer risk. The present study was designed to target items (ii) and (iii).

Genetic instability assessment

Numerous studies have associated exposure to BTEX with increased levels of
CAs in circulating lymphocytes of exposed workers”®'**°. Increased levels of CAs
have, in turn, been correlated with an increased risk of cancer, especially for
hematologic malignancies such as myelodysplastic syndrome (MDS) and acute
myelogenous leukemia (AML)".

FISH using wcp probes was applied in our study to detect alterations caused by
chronic exposure to BTEX in 21.87% (Chrom. 1, 2, and 4, together) of the human

genome’. Similar results were previously described by our research group applying the
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same technique in GSW populations (rate: 9.3 CAs per 1,000 metaphases)®, as well as
results described by Verdorfer et al. (2001) in populations exposed to nitroaromates
(16.0 CAs per 1,000 metaphases) and compared to controls (5.85 CAs per 1,000
metaphases)’. It is possible GSWs with higher rates of CAs have a higher risk of
developing cancer in future than others with low rates of CAs.

In the present study, the frequencies of RAD51/G135C variants were higher in
the GSW population when compared to controls, and the allele variant genotypes were
associated with CAs per workers. In a meta-analysis study on the relationship between
RAD51/G135C and cancer risk, Zao et al. (2014) investigated 42 studies involving
19,142 cases and 20,363 controls'’. They found a significantly increased risk for overall
cancers and concluded that RAD51/G135C polymorphism is a candidate for
susceptibility to cancer in general, especially for breast cancer. In another meta-analysis
involving 10 studies with 2,656 patients and 3,725 controls, the RAD51/GI135C
polymorphism was associated with increased MDS risk, while no association was
observed for acute leukemia'®. In our study chromosome fragments and chromosome
breaks were positively associated with variant allele genotypes. There is evidence that
in Rad51 deficient cells stop in the G2/M phase and accumulate chromosomal breaks
prior to cell death or unregulated cell growth, justifying the association found'”.

Regarding the ATM results, no differences were found in the proportion of
carriers of the ATM/P1054R variant between workers and controls. However, this
proportion was considerably higher among our workers (19.0%, 21 out of 110)
compared to prostate cancer patients (9.5%, 25 out of 261) and controls (4.78%, 22 out
of 460) described by Meyer et al. (2007)'®. A weak positive association between
chromosome breaks and ATM/P1054R variant allele genotyping was detected in our

workers, suggesting that more studies are necessary for a final conclusion.
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In the case of the CHEK2/T470C polymorphism, no variant alleles were found
in our study, possibly due to the low frequency in our study population. CHEK2/T470C
is associated with reduced DNA repair ability and increased cancer susceptibility, such
as breast cancer and colorectal cancer’!. In the USA, the CHEK2/T470C variant has
been reported in 1.2% of the population, while in Germany the frequency was 2.2% in
breast cases and 0.6% in controls; and in Belarussian populations 5.7% in cases and
1.3% in controls'*®. It may be necessary to increase the number of workers to be
analyzed in order to draw conclusions about the CHEK2/T470C polymorphism in the
Brazilian GSWs.

The literature has also reported an influence of gene—gene interactions on cancer
susceptibility. Several studies have shown that combinations of RAD5! and ATM
variant alleles may increase the risk for cancer development®'. In our study no increase
in specificity or sensitivity was found for the RAD51/GI35C and ATM/P1054R
polymorphism association for detecting CAs. Perhaps for an effective GSWs genomic
instability monitoring and an increase in the sensitivity and specificity in detecting CAs,
it will be necessary to evaluate not only more polymorphisms related to the DNA repair,

but also polymorphisms related to BTEX detoxification®%.

Risk behavior and prevention of cancer

Hematological changes in classic blood tests were previously described' 2. In
the present study, a high rate of monocytes, eosinophils, basophils, and gamma-gt was
found compared to controls, as previously described®***°. However, a lower rate of
platelets and neutrophils was associated with the workers. Despite the higher rate of
monocytes found in total of workers, a lower rate of monocytes was associated with a

high number of CAs (group 2), highlighting the importance of the simple classic blood
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test in monitoring their overall health. We should also consider the high frequency of
spontaneous abortions in the first trimester of pregnancy of total abortions reported by
the female workers compared to female controls. This was also previously described by
Silvestre et al. (2017) in a study with a lower number of female GSWs**. Thus, the
immediate absence of female workers to the gas station once pregnancy is confirmed is
necessary to reduce the BTEX's genotoxic and abortive effects. More maternal-
child health studies are needed, since the female gender was associated with a higher
number of CAs (Group 2). Women have shown faster benzene biotransformation than
men, metabolizing 23-26% more benzene, and its known that benzene must be
biotransformed to exert its toxic effects. Thus, woman may be at greater risk, and
environmental/biological limit values established in studies of male subjects may be
inadequate? 28232

We recommend that an educational orientation for the GSWs regarding the non-
adoption of risk behaviors during their working time would reduce the workers’
symptoms and possibly the carcinogenic effects. Note that “untrust in the automatic fuel
supply” by the workers associated with an elevated rate of CAs (group 2). The workers
who reported “untrust in the automatic fuel supply” hold their face close to the fuel tank
to hear or to see the gasoline rising when fueling the car, thereby increasing the BTEX

exposure.

Conclusion

Herein we describe a health survey and the consequent genome risks related to
the chronic exposure to gasoline vapors as well as the possible ways to monitor such
risks and the protective attitudes that should be taken. CAs are standardized biomarkers

used to identify not only the worker population at a higher risk of developing cancer,
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but also specific individuals who are susceptible to cancer development. Our results
make it clear that GSWs showed an increased frequency of CAs (9.8 per 1,000

metaphases), maybe due to the genotoxic effect of the BTEX to which they are exposed.

oONOULTDh WN =

\e]

The higher frequencies of the RAD51/G135C variant in the GSW population and
its association with higher CA frequency is a relevant result. In this way the
14 RAD51/G135C polymorphism maybe a promising future marker of susceptibility to the
16 development of cancer. Increasing the knowledge of the DNA repair variations in
18 maintaining the genomic stability and integrity in the GSWs is crucial for cancer
20 prevention. As a result, a better understanding of inter-individual variations in
susceptibility, with the identification of groups-at-higher-risk, may provide a foundation

for developing better prevention programs.
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Table 1 - Biometrics data (demographics and blood tests) of gas station attendants

Total of
Giomy | workers
“Vs.” Total of work
Biometrics data Group 1 Group 2 Vs. 2Group ot OF WOrkets Controls “Vs.”
(P -value) controls
(P-value)
Gender 0.035 0.235
Women 39 (42.4%) 15 (68.2%) 54 (47.4%) 64 (55.7%)
Men 53 (57.6%) 7 (31.8%) 60 (52.6%) 51 (44.3%)
Age (year) 38.9 (+12.4) 38.8 (£12.51) 0.900 38.84 (£12.42) 36.43 (£12.93) 0.101
Time of
+ +
employment (year) 5.7. (£6.0) 4.3 (£3.8) 0.574
Skin color 0.638 0.100
Black 25 (27.2%) 8 (36.4%) 33 (28.9%) 20 (18.2%)
White 14 (15.7%) 3 (13.6%) 17 (14.9%) 48 (43.6%)
Mulatto 50 (54.3%) 10 (45.5%) 60 (52.6%) 41 (37.3%)
Native Indians 2 (2.2%) 0 (0.0%) 2 (1.8%) 1 (0.9%)
Asiatic 1(1.1%) 1 (4.5%) 2 (1.8%) 0 (0.0%)
. 254.16
Platelets (mil/pl) (£58.83) 255.52 (£70.85) 0.969 254.43 (£60.99)  278.29 (+49.70) 0.001
35.74
Gamma-GT (U/l) 37.17 (£39.40)  28.81 (£12.61) 0.819 (£35.86) 27.00 (+37.30) <0.001
Direct bilirubin
+ + + +
(mg/dL) 0.39 (£0.17) 0.34 (£0.15) 0.223 0.14 (£0.05) 0.16(x0.07) 0.046
7318.1 7300.22 7778.61
Leukocytes (/pl (£2102.3) 7226.2 (£1291.2) 0.795 (£1966.01) (£1980.38) 0.066
Neutrophils (%) 55.41 (£9.80) 55.78 (£8.36) 1.00 55.49(£9.51) 59.46 (£10.92) 0.001
Eosinophils (%) 3.10 (£2.76) 2.73 (£1.61) 0.951 3.03 (£2.58) 2.14 (£3.09) <0.001
Basophils (%) 0.42 (£0.34) 0.33 (£0.23) 0.577 0.40 (+£0.32) 0.27 (£0.43) <0.001
Typical 4 4 n
lymphocytes (%) 33.62 (£8.92) 35.05 (£7.89) 0.385 33.89 (£8.72) 32.64 (9.79) 0.152
Monocytes (%) 7.40 (£2.04) 6.24 (£1.55) 0.024 7.18 (£2.00) 5.42 (£1.95) <0.001
Reticulocytes (%) 1.13 (0.38) 1.19 (0.30) 0.209 1.15 (£0.36) 1.27 (£0.46) 0.080
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Erythrocytes
(million/pl)

Hemoglobin

Hematocrit (%)

Mean corpuscular

volume (f1)

Erythrocytes
(million/pl)

Hemoglobin

Hematocrit (%)

Mean corpuscular

volume (f1)

4.48 (£0.22)

13.06 (£1.1)

38.76 (+2.98)

86.66 (£5.21)

4.98 (+0.37)

14.47 (£1.13)

42.37 (+2.86)

84.90 (+4.89)

Genes, Chromosomes & Cancer

431 (£0.35)

12.54 (+1.09)

37.42 (+3.02)

86.86 (£3.73)

4.95 (£0.11)

14.49 (+0.71)

42.51 (£1.55)

84.90 (£2.42)

‘Women

0.148

0.117

0.216

0.845

Men

0.904

0.884

1.000

0.645

4.44(+0.37)

12.92(+1.11)

38.40(+3.02)

86.72(4.82)

4.98 (£0,35)

14.47 (+1.08)

42.38 (£2.72)

85.42 (£4.35)

4.62 (£0.48)

13.58 (+1.88)

40.18 (+3.56)

87.12 (£5.13)

4.72 (+0.45)

13.82 (£2.08)

42.23 (£3.71)

88.07 (£5.07)

0.056

0.021

0.002

0.511

0.001

0.003

0.370

0.001
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Table 2- Statistical comparison of somatic symptoms between

workers and controls

Symptoms Ut Controls P-value
workers

Weight Loss 10 (8.8%) 14 (12.2%) 0.518
Weakness 22 (19.3%) 7 (6.1%) 0.005
Dizziness 31 (27.9%) 9 (7.9%) 0.000
Drowsiness 27 (24.1%) 12 (10.5%) 0.008
Headache 43 (37.7%) 21 (18.6%) 0.002
Irritability / Nervousness 57 (50.0%) 18 (15.8%) 0.000
Anxiety 41 (36.0%) 45 (39.5%) 0.682
Insomnia 17 (14.9%) 11 (9.7%) 0.313
Change of mood / Depression 20 (17.5%) 12 (10.6%) 0.181
Attention Alteration 17 (15.0%) 12 (11.9%) 0,552
Memory change 19 (16.7%) 11 (9.7%) 0.169
Tingling 19 (16.7%) 10 (8.8%) 0.111
Involuntary

Movements 6 (5.3%) 4 (3.5%) 0.539
Tremors 8 (7.1%) 4 (3.5%) 0.249
Decreased muscle strength 9 (8.0%) 4 (3.5%) 0.166
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Table 3. Statistical comparison of health problems between workers

and controls

Genes, Chromosomes & Cancer

Symptoms v]:fz:fll(le(;g Controls P-value
Bruises 22 (19.3%) 3 (2.8%) 0.000
Epistaxis 16 (14.4%) 1 (1.0%) 0.000
Arterial hypertension 15 (13.3%) 2 (1.7%) 0.001
Diabetes Mellitus 4 (3.6%) 5 (4.4%) 1.000
Infectious diseases 14 (12.4%) 16 (13.9) 0.845
Cardiovascular diseases 12 (10.6%) 9 (7.8%) 0.500
Endocrine diseases 5 (4.4%) 12 (10.4%) 0.128
Respiratory diseases 27 (23.7%) 26 (22.6%) 0.876
Gastrointestinal diseases 29 (25.4%) 18 (15.9%) 0.101
Neurological diseases 1 (0.9%) 2 (1.7%) 1.000
Liver diseases 6 (5.3%) 4 (3.5%) 0.539
Urologic/Gynecologic 15 (13.3%) 14 (12.2%) 0.844
diseases
Hematologic diseases 13 (11.4%) 6 (5.2%) 0.099
Psychical diseases 4 (3.5%) 4 (3.5%) 1.000
Osteoarticular diseases 42 (36.8%) 14 (12.2%) 0.000
Otorhinolaryngologic 22 (19.5%) 10 (9.1%) 0.035
diseases
Vision changes 51 (45.1%) 46 (40.0%) 0.503
Skin diseases 17 (15.0%) 8 (7.0%) 0.059
First trimester of 7 (77.8%) 1(11.1%) 0.015

spontaneous abortion
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Table 4. Association between risk behavior of gas station workers between

groups 1 and 2

Risk behavior at work Group 1 Group 2  P-value
Uses the cleaning flannel 60 (76.9%) 17 (85.0%) 0.551
Smells the fuel cap before refueling 19 (23.5%) 5 (25.0%) 1.000
i?rpl)l;;:oaches the face when fueling to the 32(40.0%) 7 (35.0%) 0.800
Untrust in the automatic fuel supply 10 (50.0%) 62 (76.5%) 0.027
Aspirates fuel with the mouth (hose) 27 (33.3%) 7 (35.0%) 1.000
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Table 5. Statistical analysis of chromosome alterations of gas station workers

Chromosome Alterations

Chr1 Chr2 Chr4 Total P -value
Translocation 19 16 8 43(38.4%)  0.105
Trisomies 0 0 2 2(1.8%) 0.135
Monosomies 5 3 8 16 (14.3%) 0.305
Deletions 4 7 4 15 (13.4%) 0.549
Chr. derivatives 2 1 3 6(5.3%) 0.606
Inversion 0 1 1 2(1.8%) 0.606
Chr. fragments 6 3 6 15 (13.4%) 0.549
Chr. breaks 7 2 4 13 (11.6%) 0.231
Total alterations 43 (38.4%) 33 (29.4%) 36(32.1%) 112(100.0%)  0.494

John Wiley & Sons
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Table 6. Genotypic frequencies of RAD51 and ATM genotypes in 114 gas station workers and 115
controls.

RADS51/G135C ATM/P1054R

oONOULTDh WN =

\e]

Wild/Wild Wild/ variant oo wild - Wildivariane  Y2T2nY
10 variant /variant variant

Group 1 590 (64.1%) 29 (31.5%) 4 (4.3%) 70 (79.5%) 18 (20.5%) 0 (0.0%)
15 Group 2 9(40.9%)  10(45.5%) 3(13.6%) 19 (86.4%) 2(9.1%) 1 (4.5%)
Total of workers N (%) 68 (59.6%.) 39 (34.2%) 7(6.1%) 89 (80.9%) 20 (182%)  1(0.9%)
20 Controls N (%) 88(72.2%) 24(21.1%.) 2(1.8%) 92 (82.1%) 20 (17.9%) 0 (0.0%)
3 Total 156 (68.4%) 63 (27.6%) 9(3.9%) 181 (81.5%)  40(18.0%)  1(0.4%)

P - value P - value

Hardy-Weinberg Equilibrium 0.322 0.632

31 Total workers vs. controls 0.011 0.930

Group 1 vs. Group 2 0.074 0.092

36 Polymorphisms assessment for CA detection

RADS51/G135C +

38 RADS51/G135C ATM | P1054R ATM/P1054R

40 Specificity (%) 87 (76-94) 79 (68-87) 82 (75-88)

42 Sensitivity (%) 28 (16-43) 14 (16-43) 24(14-35)

60 John Wiley & Sons
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Table 7. Statistical analysis of RAD51/G135C genotypes

Page 26 of 32

RADS1/G135C P-value
Variant/V P-value
than P-value  Wild/Va
ariant + q q 3
. . Variant/Vari riant
Wild/Vari { “Vg.? wyg»
Variant/ oL o Wild/ ant “vs.? AMtUVs. S
Variant Variant Wild/ Wild/ Wild ‘\":;ll((il/
Wild !
Gender N (%) Men
6 (75.0%)  35(51.5%) 20 (52.6%) 0.702 0.275 1.000
Women
2 (25.0%) 33 (48.5%) 18 (47.4%)
Ethnicity N (%) Black 3 (37.5%) 18 (26.5%) 12 (31.6%) 0.395 0.164 0.555
Mulatto 3(37.5%) 40 (58.8%) 18 (47.4%)
White 1(12.5%) 9 (13.2%) 6 (15.8%
Asiatic 1 (12.5%) 0(0.0%) 1 (2.6%)
Native o o o
I 0 (0.0%) 1(1.5%) 1(1.5%)
Number of
abnormal 1.63 (x1.6) 0.59 (x1.4)  0.76 (£1.00) 0.005 0.004 0.028
metaphases per
subject
Number of 1.63 (£1.92) 0.84 (£1.94) 1.03 (+1.33) 0.008  0.011 0.034
chromosomal
aberrations per
subject
Group 1 0 0 o
No 5 (62.5%) 59 (86.8%) 29 (76.3%) 0.091 0.107 0.187
N (%)
Yes 3 (37.5%) 9 (13.2%) 9 (23.7%)
No 5(62.5%) 86.8% 28 (73.7%) 0.055 0.107 0.115
Group 2 Yes 3 (37.5%) 13.2% 10 (26.3%)
N (%)

John Wiley & Sons
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Table 8.Statistical analysis of RAD51/G135C genotypes and chromosome alterations

1
2 RAD51/G135C P-value
3 P-value P-value Variant/Variant
4 Wild/Varian Variant/Vari arlz'm al:lan
X % T 9 + Wild/Variant
5 Variant/Va (o0 oo Wild/ t“Vs.” ant “Vs. “ys.”
6 Ciant Variant Wwild/ Wild ~ Wild/ Wild -
7
8
9 0  6(75.0%)  58(85.3%) 26 (68.4%) 0.133 0.769 0.126
10
11 ~
" STranslocatlon 1 1(12.5%) 6 (8.8%) 7 (18.4%)
13
14 2 1(25%) 3 (4.4%) 4(10.5%
15
16 4 0 (0.0%) 0 (0.0%) 1 (2.6%)
17
18 5 0(0.0%) 1(1.5%) 0 (0%)
1
23 Chr.
p” fragments 0 8(100.0%)  64(94.0%)  30(78.9%) 0.004 1.000 0.014
22
23 ! 0 (0.0%) 2 (2.9%) 8 (21.1%)
24
25 2 0(0.0%) 1(1.5%) 0 (0%)
26
27 3 0(0.0%) 1(1.5%) 0 (0%)
28
29 Chr.Breaks 0 ¢ 75005) 63 (94.0%) 35 (92.1%) 0.787 0.013 0.245
30
31 1 0 (0.0%) 3 (4.5%) 3(7.9%)
32
33 2 2 (25.0%) 0 (0.0%) 0 (0.0%
34
35 3 0(0.0%) 1(1.5%) 0 (0.0%)
36
g; Deletions 0 6(75.0%)  62(912%)  34(91.9%) 0.731 0.197 0.774
39 1
40 1 (12.5%) 4(5.9%) 3 (8.1%)
41 5
42 1 (12.5%) 2(2.9%) 0 (0.0%)
43
44 Chr. 0
45 derivatives 8(100.0%)  65(95.6%) 37 (97.4%) 0.785 1.000 0.764
46
47 1 0(0.0%) 1(1.5%) 1 (2.6%)
48
49 2 0 (0.0%) 2 (2.9%) 0 (0.0%)
50
51 Inversions 0
. 0 . 0 . 0 . . .
= 8(100.0%) 68 (100.0%) 36 (97.3%) 0.352 1.000 0.398
53
54 1 0 (0.0%) 0 (0.0%) 1(2.7%)
55
56
57
58
59
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Monosomies 0

Trisomies 0

1

6 (75.0%)

1(12.5%)

1(12.5%)

0 (0.0%)

8 (100.0%)

0 (0.0%)

Genes, Chromosomes & Cancer

62 (91.2%)

4 (5.9%)

1(1.5%)

1(1.5%)

67 (98.5%)

1(1.5%)

36 (94.7%) 1.000 0.248

2(5.3%)

0 (0.0%)

0 (0.0%)

37 (97.4%) 1.000 1.000

1 (2.6%)

1.000

1.000

John Wiley & Sons
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Table 9. Statistical analysis of ATM/P1054R genotypes

P-value Povalue
Variant/Variant

Vartant = Ak W”SC’S ariant
arian 3 2 .

. Wild/ Wild Wild/ Variant Vs. : :
/Variant Wild/ Wild Wild/ Wild

ATM/P1054R

oONOULTDh WN =

\e]

Gender N (%)

Ethnicity N (%)

Number of
abnormal
metaphases per
subject

Number of
chromosomal
aberrations per
subject

No changes

Group 1

Group 2

Men

Women

Black

Brown

White

Asian

Native
American

No

Yes

Yes

No

Yes

1 (100.0%)

0 (0.0%)

0 (0.0%)
1 (100.0%)
0 (0.0%)

0 (0.0%)

0 (0.0%)

1 (N)

2 (N)

1 (100.0%)
0 (0.0%)

0 (0.0%)
0 (0.0%)
0 (0.0%)

1(100.0%)

42 (47.2%)

47 (52.8%)

25 (27.8%)
47 (52.2%)
14 (15.6%)

2(2.2%)

2(2.2%)

0.74 (+1.36)

1.01 (£1.85)

33 (36.7%)
57 (63.3%)

76 (84.4%)
14 (15.6%)
19 (78.9%)

19 (21.1%)

14 (66.7%)  0.097

7(33.3%)

7(33.3%) 1.000
11 (52.4%)
3(14.3%)

0 (0.0%)

0 (0.0%)

0.62 (£1.12) 0.924

0.71 (x1.35)  0.517

9(42.9%) 0.472
12 (57.1%)

14 (66.7%)  0.123
7 (33.3%)
19(90.5%)  0.557

2(9.5%)

0.146

0.976

0.913

0.965

0.624

0.071

0.354
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Table 10. Statistical analysis of ATM/P1054R genotypes and chromosome alterations

ATMIP1054R
P-value P-value
Wild/Variant Variant/Variant +
z:::zﬁz/ Wild/ Wild ~ Wild/ Variant Wﬂ;;s{wd Wlhzv\;fdr/' z;;;lst.
0.(0.0%) 71(78.9%) 16 (76.2%) 0.771 0.781
Translocations 0 (0.0%) 10(11.1%) 4 (19.0%)
0(0.0%) 7(7.8%) 1 (4.8%
0.(0.0%) 1(1.1%) 0(0.0%)
0.(0.0%) 1 (1.1%) 0(0.0%)
Chr. fragments 0 (0.0%) 78 (87.6%) 20 (95.2%) 0.793 0.662
0.(0.0%) 9(10.1%)  1(4.8%)
0(0.0%) 1 (1.1%) 0 (0%)
0(0.0%) 1 (1.1%) 0 (0%)
Chr. breaks 0 (0.0%) 84(93.3%) 19 (90.5%) 0.352 0.054
0(0.0%) 5 (5.6%) 1 (4.8%)
2(100.0%) 0 (0.0%) 1 (4.8%
0(0.0%) 1 (1,1%) 0(0.0%)
Deletions 0 (0.0%) 79 (87.8%) 20 (95.2%) 0.275 0.279
0(0.0%) 9(10.0%) 0 (0.0%)
0(0.0%) 2(2.2%) 1 (4.8%)
Chr. derivatives 0.(0.0%) 87(96.7%) 20 (95.2%) 0.573 0.589
0(0.0%) 1 (1.1%) 1 (4.8%)
0(0.0%) 2 (2.2%) 0(0.0%)
Tnversions 0(0.0%) 89 (98.9%) 21 (100.0%) 1.000 1.000
0(0.0%) 1(1.1%) 0(2.7%)
Monosomies 0(0.0%) 82 (91.1%) 19 (90.5%) 0,799 0.808
0(0.0%) 5 (5.6%) 2(9.5%)
0(0.0%) 2(2.2%) 0(0.0%)

John Wiley & Sons
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5 0(0.0%) 1(1.1%) 0 (0.0%)

Trisomies 0 0(0.0%) 88(97.8%)  21(100.0%)  1.000 1.000

1 0 (0.0%) 2(2.2%) 0 (0.0%)
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\e]
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Figure 1. CAs found in analyses of one female worker, CAs - del(1),der(2),t(2;?), der(4),t(4;?). The
homemade probes were conjugated with TexasRed to label chromosome 1 (red), Diethylamino-coumarin
(DEAC) for chromosome 2 (lightblue), and fluorescein isothiocyanate (FITC) for chro-mosome 4 (green).

Other chromosomes were counterstained with DAPI (dark blue, visible at chro-mosome 2).

128x37mm (96 x 96 DPI)
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CONCLUSOES

No artigo 1, encontramos uma populagao jovem (mediana: 36 anos), contudo com um
longo periodo de exposicdo (mediana 16 anos), € uma alta frequéncia populacional de ACs
(9.3/1000 metafases). Dos 60 trabalhadores avaliados encontramos 16,6% com mais de dez
alteracdes por 1000 metafases analisadas, sendo as transloca¢des a mais frequente (43.6%). A
analise estatistica revelou uma diferenca significativa na cor da pele (P=0,002). Desta forma
consideramos as ACs como um importante biomarcador de efeito precoce na possivel
identificacdo de individuos com risco de desenvolvimento de cincer ocupacional.

Ja no artigo 2, exemplificamos dois relatos de casos com resultados de FISH de forma
individual, como um biomarcador de efeito precoce ao dano no material genético. As
frentistas foram identificadas pelo exame médico com sinais e sintomas de intoxicacao por
BTEX e com relatos de abortos espontaneos no primeiro trimestre da gestagdo. Em ambos os
casos foram identificados rearranjos complexos nos cromossomos (caso 1:
46,XX,der(1)t(1;4),der(4)t(1;4;?),ace(1),ace(1l); caso 2- der(4)ins(2;4)). Foi encontrado ainda
um tipo raro de células NK (NK"&") no sangue periférico destas trabalhadoras. Assim, este
foi o primeiro estudo a sugerir uma possivel relacdo causal entre a deplecdo do efeito de
citotoxicidade das células NK, aborto no primeiro trimestre e rearranjos complexos nos
cromossomos. Desta forma, evidenciamos a tecnica de citogenética apliacada de forma
individdual, e ndo populacional, como sendo uma ferramenta util na estimativa do dano ao
material genético.

No Artigo 3, encontramos uma frequéncia elevada de ACs (9,8 ACs/1.000) em 114
trabalhadores. Dos trabalhadores 19,1% apresentaram um numero elevado de ACs. Foi
observado, também, nos trabalhadores com frequéncias elevadas de ACs (grupo 2) uma maior
proporcao de mulheres (P = 0,035), baixos niveis de mondcitos (P = 0,024), assim como a nao
confianga no fornecimento automatico de combustivel (P = 0,027). Destacamos ainda que o
RADS51/G135C (P = 0,011) foi associado aos trabalhadores quando comprado aos controles,
assim como ao numero de ACs por trabalhador (P = 0,008). A especificidade RAD51/G135C
para detectar trabalhadores com ACs foi de 87%, enquanto 79% para ATM/P1054R. Nenhuma
variante de alelos foi encontrada para CHEK2/T470C.
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Desta forma, as frequéncias mais altas da variante RADS51/G135C na populagdo de
trabalhadores e sua associagdo com uma maior frequéncia de ACs sdo resultados muito
relevantes. Desta forma, o polimorfismo RAD51/G135C ¢ um promissor biomarcador de
susceptibilidade ao desenvolvimento de cancer.

Destacamos também a grande quantidade de mulheres com o genoma sensivelmente
mais afetados em comparagdo aos homens, evidenciando a importancia de politicas publicas e
de novas pesquisas voltadas para a saude materno-fetal dessas trabalhadoras. Aumentar o
conhecimento das varia¢des do reparo do DNA na manutencio da estabilidade e integridade
do genoma nos trabalhadores de postos de combustiveis ¢ crucial para a prevencao do céancer.
Como resultado, apresentamos um melhor entendimento das variagdes interindividuais da
suscetibilidade ao desenvolvimento do cancer, assim como na identificacdo de subpopulacdes
em maior risco, podendo fornecer uma base para o desenvolvimento de programas de
prevengao ao cancer.

E de relevancia dar continuidade ao estudo dos genes de reparo, assim como aumentar
o numero de trabalhadores de postos de combustiveis a serem analisados para
compreendermos melhor de que forma o genoma desses trabalhadores se encontram em risco,
para adotarmos medidas futuras de prevengao e de controle a exposicdo ocupacional desses

trabalhadores.
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A gasolina € uma mistura complexa de diversos hidrocarbonetos, dentre os quais, encontram-se os BTX
(benzeno, tolueno e xileno). Frentistas sao

expostos aos vapores dos combustiveis cuja principal forma de absorcao é através da via respiratoria. A
maior parte do benzeno inalado é eliminada
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genotoxicidade e efeito leucemogénico. Na tentativa

de salvar vidas em relagdo as medidas de salde publica, merecem destaque as que demonstram serem
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prevencgao e ao diagnéstico precoce, fundamentais na prevencao do cancer de origem ocupacional. O
reconhecimento precoce dos individuos em

risco devido a exposi¢gao ocupacional aos BTX, associado ao conhecimento prévio da susceptibilidade
genética individual podera, no futuro, ser uma

boa ferramenta para qualificar a intervengcdo em defesa da saude dos trabalhadores de postos de
combustiveis, possibilitando uma maior efetividade
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na prevencgao e controle do cancer.Objetivos: entender como o genoma dos frentistas esta em risco,

através da analise das alteragdes

cromossOmicas que podem ser causadas pela exposicdo ao benzeno e pelo estudo dos polimorfismos de
genes chaves do mecanismo de reparo

recombinacional ou Reparo de Quebras Duplas no DNA (DSBR, Double Strand Break Repair) e de variantes
do gene de desintoxicagdo GSTP1;

Avaliar a exposicao em trabalhadores de postos de combustiveis aos BTX, através de questionarios
socioecondmicos, exame clinico, testes

hematoldgicos , citogenéticos e de imunofenotipagem;Metodologia: Sera um estudo epidemioldgico
observacional do tipo caso-controle a ser

realizado em trabalhadores de postos de combustiveis, localizados na cidade do Rio de Janeiro e individuos
saudaveis. Como controles serao

utilizadas amostras de DNA de doadores saudaveis. As amostras seréo selecionadas aleatoriamente sendo
estas pareadas em relagéo a idade e

género entre os grupos. Exames laboratoriaisAmostras de sangue periférico serdo coletadas para
realizagéo de testes hematoldgicos, bioquimicos,

imunofenotipicos, citognéticos, analise de micronicleo e analise de polimorfismos genéticos.Analise
estatistica: Os trabalhadores serdo divididos em

dois grupos de acordo com o resultado da analise molecular de citogenética ( 10 alteragdes cromossémicas
por 1000 metafases e > 10 alteragdes

por 1000 metafases) para comparacao de caracteristicas clinicas (idade, tempo de exposic¢ao, cor da pele) e
dados laboratoriais através do teste

Mann-Whitney ou teste de Qui quadrado
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Avaliar a exposicao, individual e coletiva, de 400 trabalhadores de postos de combustiveis aos BTX, através
de questionarios socioeconémicos,

exame clinico e testes hematoldgicos e de imunofenotipagem;

Avaliacido dos Riscos e Beneficios:

Riscos:

Podera ocorrer constrangimento na realizagao do questionario. No exame fisico podera ocorrer
constrangimento ao analisar o voluntario e na

puncgao venosa podera haver hematoma.
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Beneficios:

Esse estudo possui como proposta avaliar as condigdes de saude dos funcionarios de postos de
combustiveis. O acompanhamento sera individual e

caso necessario vocé sera encaminhado para o servico de saude de referéncia. Os resultados desse
estudo serdo uteis para que sejam adotadas

medidas de reducédo e controle da exposi¢cao a agentes toxicos presentes nos combustiveis.
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ANEXO C - Questionario individual

L ] \
MINISTERIO DA SAUDE (INCA
INSTITUTO NACIONAL DE CANCER - INCA e
COORDENAGAO DE PREVENGAO E VIGILANCIA -

CONPREV

AREA DE VIGILANCIA DO CANCER RELACIONADO AO

TRABALHO E AO AMBIENTE

PROJETO PILOTO PARA O DESENVOLVIMENTO DE METODOLOGIA PARA AVALIAR 0S
EFEITOS DA EXPOSIGAO A BTX NA SAUDE DE TRABALHADORES DE POSTOS DE COMBUSTIVEIS

QUESTIONARIO INDIVIDUAL

Nome do Posto:

N° do posto N° Questionario

Data da Entrevista: / /

Entrevistador:

Supervisor:
Codificador:

Digitador:

MODULO 1: CARACTERISTICAS SOCIO DEMOGRAFICAS

(1) Nome:| | | [ || [ [ VP f TP
(B S O O O O O O o
[ S O | O O O O O O O o
(2) Sexo: [ | 1-Masculino [ | 2-Feminino (3) Data de Nascimento:| __| | [ | _[_[_|_|
| (4) Idade:| | _| (5) Naturalidade (UF):| __| _| (6) Nacionalidade:
S [ 1-Brasileira i 2-Estrangeira
2| 999-Ignorado 9-Ignorado
~ Pais de origem: | 9-Ignorado
3
2 (7) Situagéo familiar / conjugal: i 1-Casado(a) ou vive em unio; [ 2 Separado(a), ou divorciado(a);
(=]

13- Vilvo(a); [1a Solteiro(a) (nunca casou ou viveu em unido)

(8) Renda Familiar: R$:

(9) O Censo Brasileiro (IBGE) usa os termos preta, parda, branca, amarela e indigena para classificar a
cor ou raga das pessoas. Se vocé tivesse que responder ao Censo do IBGE hoje, como se classificaria a

respeito de sua cor ou raga?
[_f 1-Preta [— 2-Parda f— 3-Branca f— 4-Amarela [— 5-Indigena
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(10) Escolaridade: (ENTREVISTADO LEIA TODAS AS ALTERNATIVAS )

[ 1 1-Nao sabe ler e escrever

£ 2-Alfabetizagao de adultos

[ 3-Ensino Fundamental incompleto (1° Grau incompleto)
[ 4-Ensino Fundamental completo (1° Grau completo)
[ 5-Ensino Medio Incompleto (2° Grau incompleto)

[ 6-Ensino Medio Completo (2° Grau completo)

[ 7-Ensino Superior Incompleto (3° Grau Incompleto)

[ 8-Ensino Superior Completo (3° Grau Completo)

[ ] 9-NSNR

(11) Enderego Domiciliar (Rua, Avenida, N.°, Complemento):

-ENDER EGO

(13) Municipio: (14) UF:| | _| (15) CEP: |

(16) Cédigo IBGE (Municipio): |

(17) Telefone:| | | | -] | | | | (18) Celular:| __| | _|_[-_[_[_|_|

(19) Ha quanto tempo reside no enderego atual?

[] o-NSINR
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MODULO 2: INFORMAGOES SOBRE EXPOSIGAO OCUPACIONAL

(20) Qual sua situagao atual no mercado de trabalho?

] 1-Empregado registrado CLT i 5-Cooperativado [ 1 9-NSNR
E 2-Empregado nao registrado il 6-Aposentado

[ 3-Auténomo / conta prépria i 7-Empregador

[ 4-Trabalho temporario [ 8-Outros:

(21) Vocé é sindicalizado? [11-sim [1oNao [ ]9-NSINR

(21a) Se sim, qual o sindicato?

(22) Com que idade comegou a trabalhar em postos de combustiveis? anos [ ] 9-NSINR
(23) Antes de trabalhar neste posto de abastecimento, quais trabalhos que o sr (a) permaneceu por mais
tempo?

ONDE ? (CNAE) 0O QUE FAZIA? (CBO) POR QUANTO TEMPO?

No. Meses/Ano

(24) Qual sua ocupagéo atual?
(24.1) Qual ou quais atividade(s) que o sr (a) desempenha nessa ocupacao?
(25) Ha quanto tempo o sr (a)trabalha nesta ocupagao? [ ] o-NSINR

(26) Qual seu horario de trabalho predominante?

-l | las| || [] 9-NSINR
(26.1)Turno:
[ 1-Tumo Fixo [ 2-Turno Alternado [] 9-NSINR

[—. 3- Outros:
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(27) O sr (a) tem folga?

] 1-Sim
[ ] 0-No (Passe para a pergunta 30)
] o-NSINR

17, Quantos dias na semana o St (a) Tem de folga? n° de
dias da semanal | |

[ To-NSINR

18. Suas folga (s) sdo em dias fixos ou alternados?

[—. 1-Fixo
[—. 2-Alternado
[] 9-NSINR

(30) Quais desses procedimentos o sr (a) realiza durante o seu trabalho? ENTREVISTADOR LEIA TODAS AS OPGOES

A- Uso do paninho [11-sim [ ToNso [ ]9-NSNR

B- Aproxima o rosto quando abastece até a boca [ 11-sim [ loNgo [ ]9-NSINR

C- Cheira a tampa do carro antes de abastecer [T1sm [loNao [ 9-NSNR

D- Confia no bico automatico [ 11sim [ ]oNdo [ ]9NSNR

E- Aspira combustiveis com a mangueira [T1sm [1oNgo [ 9NSNR

F- Roupa molhada de combustivel [ 11sm [ loNgo []9-NSNR

G- Lava carros [ 11sm [ ]oNao [ ]9-NSNR

H- Uso do querosene ou outra substéancia para dar brilho no carro [ 11sm [ ]oNgo [ ]9NSNR
l- Outro?

Il [ 1-8im Qual: [] oNao [ ]9-NSNR

(31) Quais combustiveis o sr(a) abastece? ENTREVISTADOR LEIA TODAS AS OPGOES

[—_ 1-Gasolina Comum [— 4-Etanol [— 9-NS/NR
[] 0-Gasolina Aditivada [ 5-GNV
[ 3-Diesel [ 6-Outros:

34. O sr(a) realiza (ou) coleta de amostras do caminhio tanque? [ 11-5im
[ 1 0-Nso (Passe para a questao 35) 2- [ ] Continua realizando
[ 9NSINR
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+  Caso o sr(a) tenha realizado amostras no caminhio tanque, por quanto tempo fez isto? Tempo:| || __

| meses / anos

Quantas vezes na semana | || |

. O sr(a) usa equipamentos diferentes do uniforme durante as coletas do caminhao tanque?

[—. 1-Sim  Quais:

[ 0-Nao

[] 9-NS/NR

(35) O sr(a) realiza analise de qualidade do combustivel a partir das amostras do caminhao tanque?

[]1-sim Ha quanto tempo:| __[| __[ meses/anos Quantas vezes na semana | __ || __|

[ 0-Nao [ ]9-NSNR

(36) Onde sao armazenadas as amostras de combustiveis?

A- [ escritério B- sala de refeicdo/refeitério C- ] loja de conveniéncia D- [ ] banheiro
E- [ sala exclusiva para armazenar combustivel F- ["] outro local fora do posto
6-_| Outros:Quais:

["] 9-NSINR

(41) O sr(a) realiza ou ja realizou medigdo manual (com régua) dos niveis dos tanques do subsolo? [ 11-Sim

Como:

[ ] 0-Nao (Passe para a questao 40)

[1 9-NSINR

(38) Por quanto tempo o sr(a) realizou este tipo de medigao dos niveis dos tanques do subsolo? Tempo:| _ ||

| meses / anos Quantas vezes na semana| || |

[Jo-NSINR

(43) O sr(a) fez uso de algum equipamento além do uniforme durante a medi¢do dos niveis dos tanques do subsolo?
[ ]1-sim Quais:

[ToNgo [ Te-NSNR
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(40) O sr(a) ja realizou limpeza da caixa separadora de agua e dleo?
[ ] 1-Sim - Por quanto tempo?| __|| __| meses / anos 1] Continua realizando
Quantas vezes na semana | {1 _|

[ 0-Nao [] 9-NSINR

(41) O sr(a) ja realizou troca de dleo de carro?
[ 1 1-Sim - Por quanto tempo?| __|| __| meses/anos 2] Continua realizando
Quantas vezes na semana | __|| __|

[ 0-Nao [] o-NSINR

(42) O sr(a) ja realizou aferigdo da bomba de combustivel?
[ 1 1-Sim - Por quanto tempo?| __|| __| meses/anos 2] Continua realizando
Quantas vezes nasemana | || _|

[ 0-Nzo [ 9-NSINR

(43) O sr(a) ja realizou drenagem da bomba de combustivel? (sump da bomba)

[ ] 1-8im - Por quanto tempo?| __|| __ | meses / anos 2- [ "] Continua realizando

Quantas vezes na semana | _| | _|

[ 0-Nao [] 9-NSINR
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(44) Algumas desses eventos foram sofridos pelo sr (a) nesta fungdo?

A- Assaltos

B- Atropelamentos

C- Incéndio / explos&o

D- Vazamento de combustivel no posto

E- Exposicdo ao combustivel (banho/intoxicagéo)
F- Vazamento de gas (GNV)

G- Queimadura

H- Vazamento de combustivel no carro do cliente

|- Discussao com cliente

J- Outro: [— 1-Sim Quais:

[ ] 1-Sim
1 1-8im
[ ] 1-Sim
[ 1-Sim
[ ]1-Sim
[ 1-sim
[ 1-sim

[11-Sim
[ 1-Sim

O O O 0 0O

0-Nao [ | 9-NSINR
0-Nao [ ] 9-NSINR
0-Nao [ | 9-NSNR
0-Nao [ | 9-NS/NR

0-No [ | 9-NSINR

[ o0Nao [ ] 9-NSINR

[ o0-Nao [ ] 9-NSINR

[ oNao [ ] 9-NSINR

[ oNao [ ] 9-NSINR

O

[—. 0-Nao

Quantas vezes?

u

i
[
O
H
]
[
O
H
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EXPOSIGAO ATUAL:

POR FAVOR, INFORME TODAS AS SUBSTANCIAS QUIMICAS AS QUAIS O(A) SR.(A) E EXPOSTO
NESTE TRABALHO ATUAL.

SUBSTANCIAS E PRODUTOS QUIMICOS

45. O (a) sr(a) tem contato ou sente o cheiro
de?

46. Com que freqiiéncia o (a) sr(a) tem
contato ou sente cheiro de? Entrevistador:
Leia as alternativas

A. Gasolina
[ 1-Sim
[ 2-Nzo
[1 9-NSINR

[ | 1-Diariamente

[R—

| 2-Semanalmente |_| vezes da semana
| 3- Raramente/Nunca

4- Nao tem contato

9-NS/NR

B. Etanol (Alcool)

1

1-Diariamente

T

2-Semanalmente |_| vezes da semana

|| 1-Sim —
7 2-N3o | 3- Raramente/Nunca
— [ 4- Nio tem contato
| -NS/NR —
LI ONS/ |1 9-NS/NR

'_ 1-Diariamente

_C_. Piesel

| | 2-Semanalmente |_| vezes da semana

vezes da semana

vezes da semana

vezes da semana

vezes da semana

vezes da semana
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de?

45. O (a) sr(a) tem contato ou sente o cheiro

46. Com que freqiiéncia o (a) sr(a) tem
contato ou sente cheiro de? Entrevistador:
Leia as alternativas

[ 1-Diariamente

vezes da semana

vezes da semana

vezes da semana

vezes da semana

vezes da semana

A - Confianga nas respostas:

[ ] Confio totalmente
[] Confio Parcialmente
[ ] Nzo Confio
OBSERVAGOES:

PERCEPGAO DO ENTREVISTADOR:
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ANEXO D - Questionario clinico

, , e” !
MINISTERIO DA SAUDE ) (
INSTITUTO NACIONAL DE CANCER - INCA COORDENAGAO DE | N CA
PREVENGAO E VIGILANCIA - CONPREV i .

AREA DE VIGILANCIA DO CANCER RELACIONADO AO TRABALHO E AO
AMBIENTE

PROJETO PILOTO PARA O DESENVOLVIMENTO DE METODOLOGIA PARA AVALIAR OS EFEITOS DA EXPOSIGAO A BTX NA SAUDE DE TRABALHADORES DE
POSTOS DE COMBUSTIVEIS

QUESTIONARIO CLINICO

Nome do Posto :

Nome Completo:

N do Posto: |__|__| N Questionario ||| | |
Data da Entrevista: / /

Entrevistador:

Supervisor: 1

Codificador: (.

Digitador: [

MODULO 1: ANAMNESE CLINICA
HISTORIA PATOLOGICA PREGRESSA
(1) Doengas Cardiovasculares: [— Sim [— Néo [— NS/NR

(1.1) Qual(is):

(1.2) Quando? Ano:

(2) Doengas Infecciosas: [_' Sim [_' Nao [_' NS/NR

2.1) Qual(is):

(2.2) Quando? Ano:

(3) Doengas Neuroldgicas: [— Sim [— Nao [— NS/NR

(3.1) Qual(is):

(3.2) Quando? Ano:

(4) Doengas Respiratorias: I_I Sim I_l Nao | | NS/NR

4.1) Qual(is):

(4.2) Quando? Ano:




(5) Doengas Gastrointestinais:

(5.1) Qual(is):

|_| Sim

[ ] Nao

|| NsINR

(5.2) Quando? Ano:

(6) Doengas Hepaticas: [_' Sim [_' Néo [_' NS/NR

(6.1) Qual(is):

(6.2) Quando? Ano:

(7) Doengas Renais: [_' Sim [_' Nao [_' NS/NR

(7.1) Qual(is):

(7.2) Quando? Ano:

(8) Doengas Hematoldgicas: I_l Sim I_I Nao I_l NS/INR
(8.1) Qual(is):

(8.2) Quando? Ano:

(9) Doengas Endécrinas: [ Tsm [lwnoe [ ]nsmr
9.1) Qual(is):

9.2) Quando? Ano:

(10) Doengas Psiquicas: [— Sim [— Nao [— NS/NR
(10.1) Qual(is):

(10.2) Quando? Ano:

(11) Doengas Osteoarticulares: [— Sim [— Néo [_' NS/NR
(11.1) Qual(is):

(11.2) Quando? Ano:

(12) Doengas Uro/ginecoldgicas: |_| Sim I_I Nao I_I NS/NR
(12.1) Qual(is):

(12.2) Quando? Ano:

(13) Doengas Otorrinolaringolégicas: [_' Sim [— Nao [— NS/NR
(13.1) Qual(is):

(13.2) Quando? Ano:

(14) Doengas da Visao: [— Sim [_' Nao [— NS/NR
(14.1) Qual(is):

(14.2) Quando? Ano:

(15) Doengas da Pele: |_| Sim |_| Nao |__| NS/NR

(15.1)  Qual(is):

(15.2) Quando? Ano:
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(16) Neoplasias: | Ism | [nao [ [nNsmR

(16.1) Qual(is):

(16.2) Quando? Ano:

(17)  Internagoes: [_' Sim [_| Néo

(17.1) Motivo(s):

(17.2) Quando? Ano:

(18)  Cirurgias: [_' Sim [— Nao

(18.1) Motivo(s):

(18.2) Quando? Ano:

(19) Transfuséo de sangue ou derivados: | | Sim I l Nao

(19.1)  Motivo(s):

(19.2) Ano da transfusao:

HISTORIA PATOLOGICA ATUAL

(20) Diagnéstico de Hipertenséo Arterial: [_' Sim [_' Néo [_' NS/NR
(20.1)  Faz uso de remédios para controle da pressao arterial? [_| Sim |'_| Nao [_| NS/NR
(20.2)  Caso afirmativo, faz uso de forma regular? [_' Sim [_' Nao [_' NS/NR

(20.3)  Quais os remédios que usa para controle da pressao arterial?

(20.4)  Ha quanto tempo utiliza esses remédios :| | __| i D-Dia; M-Més; A-Ano; I-lgnorado

(21) Diagnéstico de Diabete Mellitus: Ll smmp:t [ [ [ Tnao [ ] nsmR

(21.1)  Faz uso regular de qual(is) medicagdes:

(21.2)  Ha quanto tempo: :

(22) Tem outro(s) problema(s) de saude

liagnosticado(s) por médico? L osm [fwvao [ ] wsmwr

(22.1)  Qual: (22.1.1) Inicio: __/__/

(22..2) Usa alguma medicagao regularmente: [— Sim [— Néo r— NS/NR

(22.3)  Qual(is) medicamento(s):

(22.3.1) Inicio: _/__/

HISTORIA REPRODUTIVA

MULHERES

(23) Possui filhos: [— Sim

F N&o. Motivo:
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(24) Numero de Gestagoes:| __| | Gestages

(NO CASO DE NENHUMA GESTAGAO, MARCAR “00” E PASSAR PARA A QUESTAO 25)

(24.1)  Namero de Partos: [ _I_|

(24.1.1) Nimero de Natimortos: | __| __|

(24.1.2.1) Nascidos Vivos Sadios:| __| _|

(24.1.2.2) Nascidos Vivos Nao Sadios:| __| _|

Qual doenga (inclusive ma formag&o)?

(24.2)  Numero de Abortos:| __| _| [ Provocados

|| [— Espontaneos

(24.2.1) Periodo em que ocorreu (ram) a(s) perda(s) gestacional (is):

l | 1.° Trimestre Quantos:

[—. Né&o houve perda gestacional

ﬁ 2.° Trimestre Quantos:

i_ 3.° Trimestre Quantos:
(25) Idade em que ocorreu a primeira menstruagdo: | _ | __| Anos
(26) Idade em que parou de menstruar: | __| __| Anos [—, Ainda menstrua (PASSE PARA QUESTAO 28)
(26.1)  Ha quanto tempo parou de menstruar?
(26.2)  Por que sr(a) ndo menstrua mais? [_| 1:Menopausa natural; [_| 2 :Cirurgia para retirada de utero ou
OVarios; [_' 3: Outros tratamentos (hormdnios, quimioterapia ou radiagao);
[—. 4: Outra razdo — especificar:

Homens
(27) Possui filhos: [_| Sim
[—. Nao. Motivo:

(27.1)  Caso afirmativo, quantos?
(27.2)  Todos s&o saudaveis? [_| Sim [_| N&o [_| NS/NR

(27.3)  Caso negativo, qual ou quais doengas?

MODULO 2:EsTiLos DE ViDA

(28) Sr(a) &:

TABAGISMO-

[_j Tabagista [_| Ex-tabagista (Passe para a questéo 30) [_| Nunca fumou (PASSE PARA A QUESTAO 33)

(29) Quantos cigarros sr(a) fuma por dia?

[—. menos de 10 [—.de11a20 [— 21a30

[—. mais de 30

(PASSE QUESTAO 33)

(30) Ha quanto tempo sr(a) parou de fumar:

(31) Durante quanto tempo sr(a) fumou:
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(32) Quando sr(a) fumava, quantos cigarros sr(a) fumava, em média, por dia:

]:] menos de 10 Ddeﬂ a20 ]:‘ 21230 Dmaisde 30

CONSUMO DE ALCOOL

(33) Sr(a) ingerir bebidas alcodlicas? L] sim [ nao (passE para 40)

[ Parei de beber (PASSE PARA QUESTAO 37) [ ] Nuncabebi (PASSE PARA QUESTAO 40)

(34) Que tipo de bebida alcodlica o sr (a) bebe com maior freqiiéncia?

]:] cerveja f—l cachaga f—l vodka [_l vinho [_| outras

1 (35)-Qual-freqiidncia-do-seu-consumo-de-bebidas-alcodlicas?

Diariamente 1a2xsemana 3 a4x semana 5a 6 x por semana

5a6x por semana Outra:

Em média, quantas doses o sr (a) consome?

1 dose por dia f—l 2 - 3 doses por dia [_| 4 - 5 doses por dia f—l Mais de 6 doses por dia

Outra: especifique: —_— —f—l NS/NR —

OO0 &1 0O

(PASSE PARA QUESTAO 40)

(37) Ha quanto tempo o sr(a) parou de beber: (38) Durante quanto tempo sr(a) bebeu:

(39) Quando sr(a) bebia, quantos doses o sr(a) bebia, em média, por dia

.-Dose/ Bebida:

CONSUMO DE OUTRAS SUBSTANCIAS PSICOATIVAS

+0 sr(a) ja usou ou usa algum tipo de droga: f—| Sim (PASSE 40.1)

f—| N&o (PASSE PARA A QUESTAO 46)

(40.1) Continua usando? Sim (PASSE PARA 41) N&o (PASSE PARA 45)
(42) Quais?

(43)  Freqiiéncia do uso de drogas:

1a 2 vezes por semana D 3 a4 vezes por semana D

NS/NR

I~ 5a6 Vezes por semana Diariamente outra:

(PASSE PARAQUESTAO45)

44) Por quanto tempo usou drogas:
Ha quanto tempo deixou de usar dro]g;[.

[] ] R T
MODULO 3: HisTORIA FAMILIAR

(45) Alguém da sua familia ja teve cancer: |_| Sim

N&o (PASSE PARA A QUESTAO 46)
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(45.1) Quem da sua familia ou do seu convivio teve cancer:

[—. Pai. Qual(is) tipo(s)?

[_j Mé&e. Qual(is) tipo(s)?

[—. Avd. Qual(is) tipo(s)?

[_j Avo. Qual(is) tipo(s)?
[—. Irm&o(a). Qual(is) tipo(s)?

[—. Filho(a). Qual(is) tipo(s)?

[_j Esposo(a). Qual(is) tipo(s)?

[_j Outro: . Qual(is) tipo(s)?

(45.2) Outras doengas familiares :

MODULO 4: SiNAIS E SINTOMAS

(46)  Emagrecimento i_mos Kg: Por quanto tempo:

Qual motivo:

[_j De forma inexplicada [_| Nao [_| NS/NR
(47) Fraqueza [_| Sim  Por quanto tempo:

Qual motivo:

[—. De forma inexplicada r— Nao [— NS/NR

(48) Tontura[ SimPor quanto tempo:

Qual motivo:

[_j De forma inexplicada |'_| Nao [_| NS/NR

(49)  Sonoléncia L] sim Por quanto tempo:

Qual motivo:

[—_ De forma inexplicada [— Nao [— NS/NR
SISTEMA NERVOSO CENTRAL E PERIFERICO

(50) Dificuldade para enxergar [_| Sim  Por quanto tempo:

Qual motivo:

[_j De forma inexplicada |'_| Nao [_| NS/NR

(51) Cefaléia/ dor de cabega | | Sim Por quanto tempo:

Qual motivo:

[—_ De forma inexplicada [— Nao

[—. NS/NR

(52) Irritabilidade / Nervosismo

Qual motivo:

[_j De forma inexplicada [_| Nao

I_l Sim Por quanto tempo:

[ NsmR
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(53) Ansiedade

|_| Sim Por quanto tempo:

|_| moderada | |excessiva

Qual motivo:

[_j De forma inexplicada [_' Nao [_' NS/NR
(54) Insénia [_| Sim Por quanto tempo:

Qual motivo:

[_j De forma inexplicada |'_| Nao [_| NS/NR

(55) Alteragdo da Humor / Depressao

Qual motivo:

[—_ Sim  Por quanto tempo:

[—_ De forma inexplicada

7 nao

[—_ NS/NR

(56)  Alteragao da atengdo

Qual motivo:

|_| Sim Por quanto tempo:

[_j De forma inexplicada

F N&o

[ NsR

(57) Alteragdo da meméria

Qual motivo:

F Sim Por quanto tempo:

[—. De forma inexplicada

[—_ N&o

[—. NS/NR

(58) Sudorese Noturno

[—_ Sim  Por quanto tempo:

Qual motivo:

[_j De forma inexplicada |'_| Nao [_| NS/NR

(59) Formigamentos [_' Sim  Por quanto tempo: [_' MMSS [_' MMII
Qual motivo:

[_j De forma inexplicada [_' Nao [_' NS/NR

(60) Movimentos Involuntarios

LI

Sim Por quanto tempo:

Qual motivo:

[—_ De forma inexplicada [— Nao [— NS/NR

(61) Tremores [_' Sim  Por quanto tempo: [— MMSS [— MMII
Qual motivo:

[—_ De forma inexplicada [— Nao [— NS/NR

(62) Caibras [— Sim  Por quanto tempo:

Qual motivo:

[—, De forma inexplicada

[—, Nao

[—. MMSS [— MMl

[—, NS/NR

(63) Diminuigao da forga muscular

[_j MMSS [_' MMl

[—. De forma inexplicada

l I Sim Por quanto tempo:

Qual motivo;

[—_ N&o

[—. NS/NR
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(64) Convulsodes D Sim Por quanto tempo: Tipo:

I:] MMSS I:I MMII Qual motivo:

I_,i De forma inexplicada l_ Néo l_ NS/NR

SISTEMA HEMATOLOGICO E SISTEMA IMUNOLOGICO

(65) Petéquias: u Sim Héa quanto tempo:

l:] Néo jl NS/NR

(66) Hematomas __] Sim Ha quanto tempo:

D N&o :‘ NS/NR

(67) Epistaxe ,_] Sim Ha quanto tempo:

H Néo L NS/NR




[ R [ [ [ [] deormat
3) Lesbes de pele: Sim Nao ~ Quais: manchas furdnculos pruridos ite
irritativa [_' eritema [— outra(s):
(83.1) Localizagéo:
(83.2) Descriao:
(84) Acne: [— Sim [— Néo
(84.1) Localizagao: (89.2) Extensao:
[—' e
(85) Edemas Sim ~ Onde:
[—. Nao
] i >
(86) Faneros: Normal Alterado ~ Qual:
L] T dtereto ™ e
(87) Tiredide: Normal eraco uar.
APARELHO CARDIOVASCULAR (ACV)
(88) Pressdo Arterial:|__ | | [x|_|_|_|mmHg
(89) Freqiiéncia Cardiaca:| __| | _ |bpm

[_j Normal [_'

(90) Ritmo cardiaco

Alterado:

(91) Bulhas normofonéticas

[_j Sim [_' Nao

[—_ Normal

(92) Pulso Radial Esquerdo:

[—_ Alterado

AraRELHO RESPIRATORIO (AR)

E

(93) Deformidade toracica: Sim

>
Qual:

Nao

04 [ | Eupnsico [ Taquipnsico

ipm

(95) Murmdrio Vesicular bem distribuido:
4
[—_ Néo ~ Porque?

[_j Sim

ASSISTENCIA MEDICA

(96) Outros locais onde busca atendimento médico:

[—l PSF. Qual?

[—l Outra unidade de satde do SUS (que néo seja PSF). Qual?

[—l Hospital privado. Qual?

[—l Clinicas particulares. Qual?
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66
(83) Lesdes de pele: Sim Nao 2 Quais: manchas furinculos pruridos dermatite
irritativa eritema [— mtra(s): 1 i [—
(83.1) Localiza(;ajrc:j [—
(83.2) Descricéo:
(84) Acne: Sim Nao
(84.1) Localizagé? ] (89.2) Extensao:

(85) Edemas

[—sim ~Onde:

Néo

—

(86) Faneros: Ir_Normal ?Eradﬁ Qual:
(87) Tiredide: - ,_.Normal A:Erado ~ Qual:
L [ APARELHO CARDIOVASCULAR (ACV)
(88) Pressdo Arterial: | | | _[x|_[__|_[mmHg
(89) Freqiiéncia Cardiaca:| __ | | _|bpm
(90) Ritmo cardiaco [&Q.rmal [_Iterado:

(91) Bulhas normofonéticas

M Sim [—Néo

(92) Pulso Radial Esquerdo:

Normal [—- Alterado [—-

APARELHO RESPIRATORIO (AR)

g

(93) Deformidade toracica:

NL: > Qual:

(94) [ |Eupnéico [Taguipnéico

ipm

(95) Murmurio Vesicular bem distribuido:

[] Nao > Por que?

sinl |

ASSISTENCIA MEDICA

(96) Outros locais onde busca atendimento médico:

[ 1PSF. Qual?
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[ Outra unidade de satide do SUS (que ndo seja PSF). Qual?

[ T Hospital privado. Qual?

[ I Clinicas particulares. Qual?
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ANEXO E - Termo de consentimento livre e esclarecido

MINISTERIO DA SAUDE

INSTITUTO NACIONAL DE CANCER - INCA COORDENAGAO DE PREVENGAO E VIGIFANCIA™
CONPREV

AREA DE VIGILANCIA DO CANCER RELACIONADO AO TRABALHO E AO AMBIEN

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

"PROJETO PILOTO PARA O DESENVOLVIMENTO DE METODOLOGIA PARA AVALIAR OS
EFEITOS DA EXPOSICAO A BTX NA SAUDE DE TRABALHADORES DE POSTOS DE
COMBUSTIVEIS”.

Nome do Voluntario:

Vocé esta sendo convidado a participar de um projeto que busca identificar os efeitos da
exposicado a benzeno, tolueno e xileno em trabalhadores de postos de combustiveis. O Projeto
visa a implementacado de medidas de prevencido de doengas. No entanto, para que vocé possa
decidir se quer participar ou nado deste estudo, precisa conhecer seus beneficios, riscos e
implicagoes.

OBJETIVOS DO ESTUDO

Tragar o perfil de trabalho e adoecimento dos trabalhadores dos postos de combustiveis que
participarao do estudo. Sera avaliada a exposicéo individual ao benzeno, bem como os niveis de
compostos toxicos presentes nos combustiveis, entre eles o benzeno no ar (em torno das
bombas). Serdo avaliadas também as condi¢des do posto de combustivel com relagdo as
instalacoes fisicas e obediéncia as normas de seguranca.

PROCEDIMENTOS DO ESTUDO

Se vocé concordar em participar deste estudo, respondera a algumas perguntas; fara exame
clinico e concordara em doar 22ml de sangue para realizagao das seguintes analises que visam
a deteccao de alteragbes no sangue em casos de intoxicagao por benzeno:
- Hemograma completo.
- Avaliagdo da fungao hepatica (figado) através da avaliados os niveis de transaminases,
gama glutaril transferase, bilirrubinas totais e fragées e LDH,;
- Provas de atividade reumatica ou inflamatdrias: VHS, proteina C reativa e FAN;
- Esses exames serao realizados somente se houver alteracido nos exames
anteriores: marcadores de hepatite B e C (anti-HBS Ag, anti-HBc-IgM e anti-HCV);



- Anti-HIV. A importancia desse exame € descartar os sintomas proprios de infecgao por
HIV dos sintomas de benzenismo (diagnéstico diferencial de intoxicagdo crénica ao
benzeno).

Nome do projeto: "Projeto Piloto para o desenvolvimento de metodologia para avaliar os efeitos da exposi¢io a BTX na saiide de trabalhadores tle1 postos de combustiveis”

Na coleta de sangue, uma parte sera destinada a analise citogenética e de mutagenicidade. Essas
analises sdo importantes, pois permitirdo a investigagdo do nivel toxico das substancias presentes
nos combustiveis as suas células, conseqlientemente a sua saude.

Concordo com a coleta ( )
N&o concordo com a coleta do material ( )

TODOS OS RESULTADOS SERAO MANTIDOS EM SIGILO E DEVOLVIDOS APENAS A VOCE.

O exame clinico sera realizado por um médico capacitado que aplicara um questionario com
perguntas sobre sue histérico de saude, estilo de vida e seu histérico de saude familiar.

Concordo em participar do Questionario Clinico ( ) N&o concordo ()

METODOS ALTERNATIVOS

N&o havera outros métodos alternativos de coleta de informacdes.

RISCOS

Vocé ndo estara correndo nenhum risco por participar deste estudo. O responsavel pelo
posto de combustivel também assinou um termo de consentimento que autoriza esse Projeto e vai
facilitar sua participagdo no horario de trabalho. Cabe destacar que apenas vocé vai receber os
resultados dos exames clinicos e laboratoriais.

BENEFiCIOS

Esse estudo esta sendo realizado em todo pais e sua proposta sera avaliar as condi¢cbes de
saude dos funcionarios de postos de combustiveis. O acompanhamento sera individual e caso
necessario vocé sera encaminhado para o servigco de saude de referéncia.

Os resultados desse estudo serdo Uteis para que sejam adotadas medidas de redugdo e
controle da exposi¢ao a agentes toxicos presentes nos combustiveis em todo pais.

ACOMPANHAMENTO, ASSISTENCIA E RESPONSAVEIS

Estéo previstos dois encontros.

No primeiro, questionarios serao aplicados por entrevistadores e no segundo havera exame
clinico com médico e sera coletada uma amostra de sangue.

Caso seja identificado algum problema, vocé sera encaminhado (a) para atendimento em
um servigo de saude para melhor avaliagao.
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Os profissionais que atuam nesse projeto pertencem as Intituigdes: Conprev-Inca
(Coordenacgédo e Prevencdo e Vigilancia do Cancer Relacionado ao Trabalho e ao Ambiente);
Cesteh-Fiocruz (Centro de Estudos de Saude do Trabalhador e Ecologia Humana), Prefeitura da
Cidade do Rio de Janeiro- GFRNB (Gerencia de Fatores de Risco Nao Biolégicos) Prefeitura da
Cidade do Rio de Janeiro- SMAC (Secretaria Municipal do Meio Ambiente); UFF- Centro de Estudos
Gerais (Instituto de Quimica); Cerest do Municipio do Rio de Janeiro (Centro de

dologia para avaliar os efeitos da exposi¢cio a BTX na saiide de trabalhadores de2 postos de combustiveis”

Nome do projeto: "Projeto Piloto para o desenvc Ivii de

Referencia em Saude do Trabalhador) e SINPOSPETRO (Sindicato dos Empregados em Postos de
Servigos de Combustiveis e Derivados de Petréleo do Estado do Rio de Janeiro).

CARATER CONFIDENCIAL DOS REGISTROS

Além da equipe da pesquisa, seus dados poderdo ser consultados pelo Comité de Etica do
Hospital do Cancer | —INCA. No entanto, os seus dados individuais serdo mantidos em sigilo e os
resultados serdo divulgados em forma de relatérios estatisticos.

TRATAMENTO MEDICO EM CASO DE DANOS

Sua participagéo neste estudo ndo implica em danos a sua saude. No caso de detecgao de
problema de saude, vocé sera encaminhado (a) para atendimento no Sistema Unico de Saude no
Municipio do Rio de Janeiro.

CUSTOS

A participagdo neste estudo sera voluntaria e ndo havera qualquer forma de pagamento ao
voluntario pela sua participagao.

BASES DA PARTICIPAGAO

E importante que vocé saiba que pode recusar-se a participar deste estudo sem
penalidades ou perda de beneficios aos quais vocé tem direito.

GARANTIA DE ESCLARECIMENTOS

Noés estimulamos que vocé faga perguntas a qualquer momento do estudo. Neste caso, por
favor, ligue para Dra. Ubirani Barros Otero da Area de Vigilancia do Céancer Ocupacional e
Ambiental — Conprev/INCA, no telefone (21) 3207-5967. Se vocé tiver perguntas com relagéo a seus
direitos como participante do estudo, também pode contar com uma terceira pessoa imparcial, a
Coordenadora do Comité de Etica do Instituto Nacional do Cancer Dra. Adriana Scheliga - Rua
André Cavalcanti 37, telefone (21) 3207-6551.

Nome do projeto: "Projeto Piloto para o desenvolvimento de metodologia para avaliar os efeitos da exposi¢do a BTX na savide de trabalhadores de3 postos de combustiveis”
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DECLARAGAO DE CONSENTIMENTO E ASSINATURA

Li as informagdes acima e entendi o propdsito deste estudo assim como os beneficios e
riscos potenciais da participagdo no mesmo. Tive a oportunidade de fazer perguntas e todas foram
respondidas. Eu, por intermédio deste, dou livremente meu consentimento para participar neste
estudo.

Entendo que nao receberei compensagédo monetaria por minha participagao neste estudo.

Eu recebi uma cépia assinada deste formulario de consentimento.

(Assinatura do Participante) dia més ano

(Nome do Participante — letra de

forma)

(Assinatura de dia més ano

Testemunha, se necessario)

Eu, abaixo assinado, expliquei completamente os detalhes relevantes deste estudo ao

voluntario indicado acima.

(Assinatura da pessoa que obteve o dia més ano
consentimento)
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