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Introduction: Technological development has led to the use of chemicals potentially damaging to
workers’ health. In particular, the use of isocyanates has resulted in a greater morbidity caused by respiratory
pathology, especially asthma. Considering that not all the exposed workers develop the disease, a gene-
environment interaction model has been proposed, which tries to explain the genetic predisposition that
some individuals have and others have not to develop occupational asthma.

Objective: To find out about the scientific evidence related to the genetic polymorphism and workers
exposed to isocyanates’ susceptibility to develop occupational asthma.

Methods: We conducted a systematic review. Bibliographic electronic searches were conducted in
PubMedline databases, as well as in Dialnet and ELSEVIER repositories. Papers related to this review’s
objective were retrieved, without applying temporary filters, using the following descriptors: MeSH Major
Topic, MeSH Terms. Search period started on November 20® 2013 and ended on December 15" 2013. We
established the level of evidence according to GRADE criteria.

Results: Forty-two full-text papers were analyzed, scientific evidence being supported by eleven case-
control studies. Given the complexity of the genetic polymorphism associated with disease phenotype, as a
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limitation from the studies, authors agree that the sample size is not large enough, yet the papers found
obtained a GRADE B level of evidence after adjustment for confounding factors.

Conclusion: Genetics has a significant influence on isocyanate-induced occupational asthma. The
weight of genetic susceptibility and gene-environment interaction remains unclear. Understanding these
relationships has implications for workers’ health, given the influence that some workplace factors have on
genetic risk, which can and must be modified.

Med Segur Trab (Internet) 2014; 60 (234) 260-280
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Introduccion: El desarrollo tecnologico ha traido como consecuencia el uso de sustancias quimicas
potencialmente perjudiciales para la salud de los trabajadores. Particularmente el uso de isocianatos ha
resultado en una mayor morbilidad de patologia respiratoria, especialmente el asma. Considerando que no
todos los trabajadores expuestos desarrollan la enfermedad se ha propuesto un modelo de interacciéon gen-
medioambiental, el cual trata de explicar la predisposicion genética que tienen algunos individuos a
desarrollar asma ocupacional y otros no.

Objetivo: Conocer la evidencia cientifica relacionada con el polimorfismo genético y la susceptibilidad
que tienen los trabajadores expuestos a isocianatos a desarrollar asma ocupacional.

Metodologia: Se realiz6 una revision sistematica mediante una busqueda bibliografica utilizando las
bases de datos PubMedline, asi como en los repositorios Dialnet y ELSEVIER. Se extrajeron los articulos
relacionados al objetivo de esta revision, no se aplicaron filtros de temporalidad, utilizandose los siguientes
descriptores: MeSH Major Topic, MeSH Terms. El periodo de busqueda fue desde el 20 de noviembre 2013 y
finalizo el 15 de diciembre del 2013. El nivel de evidencia se establecié de acuerdo a los criterios GRADE.

Resultados: Se analizaron a texto completo 42 articulos, la evidencia cientifica se sustenté en 11
estudios de casos-controles. Dada la complejidad del polimorfismo genético asociado con la expresion
fenotipica de la enfermedad, como limitacion de los estudios, los autores coinciden que el tamano muestral
no es suficientemente grande, sin embargo después de ajustar los factores de confusion los articulos
encontrados tuvieron un nivel de evidencia B de GRADE.

Conclusion: La genética tiene una influencia significativa en el asma ocupacional inducida por
isocianatos. El peso de la susceptibilidad genética y de la interaccion gen-medioambiente ain no se han
esclarecido del todo. Comprender estas relaciones tiene implicaciones para la salud de los trabajadores, dado
que algunos factores del lugar de trabajo tienen influencia en el riesgo genético los cuales pueden y deben
modificarse.

Med Segur Trab (Internet) 2014; 60 (234) 260-280
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INTRODUCTION

Technological and industrial development has led to the use of various chemicals. More
than 250 organic and inorganic substances have been identified, smoke, dust, vapors, etc.,
capable of causing occupational respiratory pathologies, being occupational asthma (OA) the
most common pathology®?. According to the WHO, 217 million occupational disease
cases occur each year, 50 million corresponding to respiratory pathology and 20-40% of
them correspond to OA. It is important to note that in industrialized countries 9-15% of
physician-diagnosed asthma cases in adults are related to work environment and that
isocyanates (NCO) are responsible for 5-10% of this disease™'?®. According to CEPROSS’
statistical data® 24 cases of occupational disease caused by isocyanates have been reported
from January to November 2013. It’s been reported that painters from automotive industry
who use isocyanate-based paints are 80 times more likely to suffer OA than other workers
(4) and attributable risk ranges from 3% to 7%.

Occupational asthma is characterized by variable airflow obstruction and/or by
airway hyperreactivity due to exposure in the workplace and can account for 10%-25% of
adult asthma cases. Epidemiologically more than 90% of occupational asthma cases are
induced by bronchial hyperreactivity phenomena®. It has been reported that some of
the individuals who develop occupational asthma by NCO remain with asthma symptoms
ever after cessation of exposure. Paggiaro et al. observed asthma remission only in 50%
of subjects after quitting their jobs. The unfavorable development in half of the patients
is mainly attributed to long duration of symptoms before diagnosis, as well as greater
severity of it®. Furthermore, it is a preventable disease, so protection measures must be
implemented in those sectors where these substances are manipulated, protecting and
promoting worker health.

Isocyanates are highly reactive, low molecular weight aliphatic and aromatic
compounds, being the airways the main routes of exposure, mainly vapor and aerosol
inhalation, although exposure may also occur through skin contact during handling of
liquid or airborne isocyanates. Regarding exposure levels, permissible environmental acute
exposure limit value (VLA-ED) for phenylisocyanate (MDD (0.01 ppm), 3-Isocyanatomethyl-
3,5,5-trimethylcyclohexyl isocyanate (TDD (0.05 ppm) and for methyl isocyanate (HDID)
permissible environmental chronic exposure limit value VLA-EC (0.02), VLA-ED not
established for the latter. These compounds are increasingly being used and nowadays a
lot of workers are exposed to complex mixtures of isocyanate oligomers ©.

Physiopathological mechanisms causing asthma induced by NCO have multiple
etiologies. Diagnosis, evolution and prognostic depend on time, exposure concentration
and seniority in the workplace, as well as on predisposing factors such as airways
hyperreactivity, genetic predisposition and smoking. With regard to the latter factor, risk
for occupational asthma after exposure to occupational allergens is higher among
smokers and it seems that tobacco promotes sensitization. In addition, it is pointed out
that methyl isocyanate (MDI) is a substance found among tobacco components so that
workers are more exposed to it.

With respect to immunological mechanism, HLA class II molecule loci are found in
the short arm of chromosome 6 (6p21.3) and they play a crucial role in immune response,
as they bind antigen derived peptides and present them to T cells through T cell receptor,
the IgE mediated mechanism is the most involved mechanism and so far the most
studied 7#%1% Moreover, genetic predisposition is important, since probably sensitization
against allergens present in workplace is conditioned by specific genetic factors and
restricted by HLA antigens, which may explain at least in part why certain individuals
develop OA and others not. On the other hand, not always the employee withdrawal
from workplace was followed by a complete remission of symptoms, in fact this has
occurred in only a small percent of the cases (24.3%) ‘Y. Recently, associations between
specific HLA phenotypes and sensitization against certain occupational allergens have
been described, as well as protective factors and the influence of modifier genetic factors

Genetic polymorphism linked to the probability of developing | 262
occupational asthma in workers exposed to isocyanates
Gaetano Pepe Betancourt, Tonny Hibsen Da Silva Sdnchez, Ivanio Godoy Carus



Enero - marzo 2014 Med Segur Trab (Internet) 2014; 60 (234) 260-280
U MEDICINA y SEGURIDAD del trabajo I

of OA induced by NCO susceptibility ™®. NCO metabolism is not yet understood, but
there is evidence that multiple metabolic pathways are involved in the biotransformation 4%,

Biological monitoring is increasingly used to evaluate exposure and control measures
efficiency “'¥. Biological detection methods are already available for most common NCO,
based on analysis of hexamethylene diamine, toluene diamine, isophorone diamine, and
methylenediamine released after isocyanate-protein adducts’ hydrolysis in urine or blood
and whose metabolite in urine in hippuric acid®. Occupational studies show a good
correlation between exposure through inhalation to isocyanate monomers and isocyanate-
derived diamines in urine or blood. However, occupational exposure to NCO is often a
mixture of monomers and oligomers so there is some uncertainty in the comparison of
the results of the biological control of exposure“'¥. Biological markers have relatively
short half-lives in urine, 2-5 hours, which means that urine samples must be collected at
the end of exposure and results mainly reflect exposure on the day of collection“?, half-
lives in plasma are usually longer (20-25 days), Sabbioni et al. have shown that
methylenediphenyl diisocyanate (MDI) forms adducts with lysine in plasma albumin and
may offer a potential for assessing risk 17, All the volunteer studies and occupational
studies with both air and biological monitoring show good correlations between
exposure, mostly inhalation, and levels of biomarkers in urine or blood and advocate the
usefulness of biological monitoring. Nevertheless, the convenience and non-invasive
nature of urine sampling make it the most widely used approach for assessing exposure 49,
There is a clear evidence of dermal exposure and absorption®®' but dermal exposure
is variable and depends largely on the exposure process, NCO volatility and on the use
of appropriate personal protective measures (PPE).

OBJECTIVE

This review aims to asses the scientific evidence that relates genetic polymorphism
and workers exposed to isocyanates susceptibility of developing occupational asthma.

SPECIFIC OBJECTIVES:

1. To acknowledge the relationship between genetic polymorphism and possible
physiopathological mechanisms of asthma induced by isocyanates.

2. To describe the presence of a specific gene and/or his allele, as well as its
modification with the clinical manifestations of asthma induced by isocyanates.

3. To identify the presence of protective genes or inducers of susceptibility of
developing asthma by isocyanates.

METHODS

We conducted a paper search in bibliographic databases on the Internet, PubMed/
MEDLINE, ELSEVIER, SciELO, Google Scholar. To conduct the search free terms and
descriptors were used DeCS, MeSH and MeSH Major Topic. Addressing the issue of
workers with asthma related to exposure to isocyanates and the association between the
disease and genetic polymorphism. Search period started on November 20" 2013 and
ended on December 15" 2013. Search formulas are shown in Table 1.
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Table 1. Search strategy

Database

Search terms

Search strategy

MEDLINE-Pubmed

Isocyanates, metabolism, urinary
excretion, adverse effects, asthma and
genetic polymorphism.

(“isocyanates/metabolism”[MeSH Terms])
AND “isocyanates/urine”, (“isocyanates/
metabolism”[MeSH Terms]) AND
“isocyanates/adverse effects”[MeSH
Terms] Filters: published in the last 10
years; Humans, ((“Isocyanates”[Majr])
AND Asthma[MeSH Terms]) AND
“genetic variation”[MeSH Terms]
((“isocyanates”[MeSH Major Topic])
AND “asthma”[MeSH Terms]) AND
“polymorphism, genetic’[MeSH Terms].

Dialnet

Isocyanates, metabolism, urinary
excretion, adverse effects, asthma and
genetic polymorphism.

Isocyanates, metabolism AND, urine
excretion AND, sampling AND asthma
AND genetic polymorphism.

ELSEVIER

Isocyanates, metabolism, urinary
excretion, adverse effects, occupational
asthma and genetic polymorphism.

Isocyanates, metabolism AND, urine
excretion AND, sampling AND asthma
AND genetic polymorphism.

Academic Google

Isocyanates, metabolism, asthma and
genetic polymorphism.

asthma AND humans AND exposition
AND Isocyanates AND bronchial
hyperreactivity AND metabolism AND
genetic polymorphism AND adverses
effects filetype:pdf.

Once obtained the bibliographic collection, relevance assessment was carried out
by comparing the suitability of the papers for the study from the review of titles and

abstracts.

Subsequently, the following inclusion and exclusion criteria were applied to selected

papers.

Table 2. Inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

Observational cohort and case control studies.

Non-occupational asthma.

Context: asthma as an occupational disease and

the association with exposure to isocyanates,
polymorphism and genetic susceptibility.

Toxicokinetics.

National and international studies.

Clinical cases, concerning one case.

English, Spanish, Italian or Portuguese language.

1. In case of finding a paper repeated in several publications, the one included was
that one published in the journal with the highest impact factor and/or the most
recently published.

2. Books, protocols, reviews, communications, technical notes.

Paper identification was concluded with the search of full text bibliographical
material from the preselected works, after an initial screening. For the evidence synthesis,
in every paper we analyzed: study type, sample size and type, confounding factors, bias
control measures, dependent variables and measurement techniques, independent
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variables and assessment techniques, results and results measure and conclusions. Any
discrepancies were solved by consensus among the team components.

RESULTS

Based on the search strategy, a total of 156 articles were obtained, after eliminating
duplicate papers and the items from the reference list included, we proceeded to the
analysis of relevance and application of the inclusion and exclusion criteria, finally
obtaining 11 items that form the basis of this study (Figure 1).

Figure 1. The flowchart illustrates the procedure followed and the results obtained in paper selection,
once applied the inclusion and exclusion criteria.

Electronic search Medline/Pub Med
Identification
(156 papers)
Include -
6 papers retrieved from
< bibliographic list
1 paper other language
v
Total 163 papers first reading
(abstract)
140 abstracts excluded
Firstscreening < (inclusion criteria)
2 duplicate papers
A
21 papers second reading
(full text)
< 10 papers excluded
Selection . L
(Exclusion criteria)
v
Final 11 papers selected

All the selected papers corresponded with observational studies, case-control
longitudinal studies and longitudinal ambidirectional cohort studies, with bias control
through logistic regression analysis, the largest of them with a sample size of 410 subjects.
Level of evidence: B GRADE.

Even without applying temporary filters to paper search, we observed that the
largest number of papers were published between 2004 and 2013 (54.5%), the first one
published by A. Balboni in 1996.

Genetic polymorphism linked to the probability of developing | 265
occupational asthma in workers exposed to isocyanates
Gaetano Pepe Betancourt, Tonny Hibsen Da Silva Sdnchez, Ivanio Godoy Carus



Enero - marzo 2014 Med Segur Trab (Internet) 2014; 60 (234) 260-280
U MEDICINA y SEGURIDAD del trabajo I

We can find the most prolific scientific production in Europe with a total amount
of 7 papers (63,63%), followed by Canada and The United States, with 3 items (27.27%)
being collaborative studies among which Spain is found.

90.9% of the studies (10 papers), were conducted with workers suffering asthma
confirmed through methacholine test and FEV1. Only one of the studies was made based
on symptoms (eye irritation, runny nose, sneezing, dry or productive cough), the exposure
to isocyanates in monomeric and oligomeric its various forms was always the standard,
as well as asymptomatic asthmatic control cases exposed, non exposed and non asthmatic
controls.

Main features and results from reviewed articles are shown in Table 2, which
summarizes the main peculiarities of each one in terms of author, year and country of
publication, title of the study, type of design, population and sample.

Table 3. Features from reviewed articles

. Bias
Author Year Paper Type of study Population Sample control
A. Balboni Italy  Association between toluene Cases and Caucasian N=168  Yes
1996  diisocyanate-induced asthma and controls North of Italy
DQB1 markers: a possible role for
aspartic acid at position 57.
C. E.Mapp Italy  Association between HLA genes and  Cohort Caucasian N=195 Yes
2000 susceptibility to toluene diisocyanate- prospective North of Italy
induced asthma. ambidirectional
PaE ivi Finland Glutathione S-transferase genotypes ~ Cases and Workers exposed ~ N=182 Yes
Piirila¢ 2001  and allergic responses to diisocyanate controls to HDI, MDI, TDI
exposure.
Cristina E Italy  Glutathione S-transferase GSTP1isa  Cases and Workers exposed ~ N=131 Yes
2002  susceptibility gene for occupational controls to TDI
asthma induced by isocyanates.
Harriet Finland N-Acetyltransferase genotypes as Cases and Workers exposed N=182  Yes
Wikman France modifiers of diisocyanate exposure- controls to HDI, MDI, TDI
2002  associated asthma risk.
B. Begh Italy  Lack of association of HLA class I Cases and Workers exposed ~ N=192 Yes
2004 genes and TNF a-308 polymorphism  controls to TDI
in toluene diisocyanate-induced
asthma.
David I. Canada Diisocyanate asthma and gene- Cases and Workers exposed ~ N=137 Yes
Bernstein USA  environment interactions with IL4RA,  controls to isocyanates
Spain  CD-14, and IL-13 genes.
2006
Karin Sweden Influence of genetic factors on toluene Cases and Workers exposed — N=246 Yes
Broberg 2008  diisocyanate-related symptoms: controls to TDI
evidence from a cross-sectional study.
Jeong-Hee Korea The HLA DRB1 * 1501-DQB1 * 0602-  Cases and Workers exposed ~ N=258 Yes
Choi 2009 DPBI * 0501 Haplotype Is a Risk controls to TDI
Factor for Toluene Diisocyanate-
Induced Occupational Asthma.
Berran Canada Genetic Variants in Antioxidant Genes Cases and Workers exposed  N=353 Yes
Yucesoy France Are Associated With Diisocyanate- controls to HDI, MDI, TDI
2012 Induced Asthma.
David L. Canada (CTNNAS3 (a-Catenin) Gene Variants ~ Cases and Workers exposed N=410  Yes

Bernstein USA  Are Associated With Diisocyanate controls to HDI, MDI, TDI
Spain  Asthma: A Replication Study in a
2012 Caucasian Worker Population.
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High complexity of HLA class II genotype make the studies to be very complicated
and sometimes with contradictory results, however the role of this polymorphism in
asthma pathogenesis is known, A. Balboni et al.®” confirm that gene DQB1 *0503 is
associated to susceptibility in so far as the DQB1 * 0501 is associated to protection, but
both genes are associated to susceptibility and the protective nature is provided only
through the substitution by Aspartic amino acid in position 57 in * 0503 and Valine in
* 0501, condition most frequently observed in homozygous, suggesting a direct role for
this residue in the etiology of asthma induced by toluene. Other HLA class II genes were
studied by C. E. Mapp et al. ® This study shows a positive association of DQA1 * 0104 and
DQBI1 * 0503 with the disease and a negative association with DQA1 * 0101 y DQB1
* 0501, which suggest that DQA1 and DQB1 are markers involved in susceptibility and
protection of asthma induced by TDI (Table 4).

The predominant form of occupational exposure to diisocyanates is through
inhalation pathway, however dermal exposure is still important; Thomasen JM et al.4®,
observed that dermal exposure is linked to the individual skin penetration rate of
isocyanate. On the other hand, Arrandale V et al.%”, observed a statistically significant
association between dermal absorption, athopy and respiratory symptoms. Reactive
isocyanate compounds form covalent conjugates mediated by N-acetyltransferase system
(NAT) because genotypes for slow acetylators and their combination (NAT2/NAT1 slow
acetylator and null GSTM1, represented a greater risk of suffering asthma induced by
isocyanates, specially for toluene, fact observed by Harriet W. et al. ®® Furthermore the
formation of leukotrienes has been reported as potential mediators of histamine response,
also responsible for the pathogenesis of bronchial asthma, the formation of these
metabolites depends largely on N-acetylation by GST, playing a significant role in
modulation of individual susceptibility to exposure associated to diisocyanates and
occupational asthma risk (Table 5).

Up to date, common allelic variants have been found in four genes from Glutathione
S-transferase (GST), when the genetic polymorphism was studied, the most marked
effect was seen with the combination of genotypes GSTM1 null and GSM3 AA with lack
of IgE specific antibodies and late change in the provocation tests, in Piivi Piirild’s study
(21) no statistically significant association was observed between the genotypes GSTP1
and the risk of asthma induced by diisocyanates, so they suggest that the polymorphism
for GST plays an important role modulating the response against exposure to diisocyanates.
Other authors as Cristina E. (22) observed statistically significant association only for the
gene GSTP1 * Vall05, which confers protection against asthma induced by TDI and
airway hyperreactivity. This view is supported by the finding that the protective effect
increase in proportion to the duration of exposure to TDI (Table 06).
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Likewise, the study of genomic variants carried out by Berran Yucesoy et al. (23)
finds a significant association between chronic oxidative stress of airways and the alleles
SOD rs4880 and the variants EPHX1, GSTP1 associated to asthma induced by isocyanates.
Otherwise the enzyme Glutathione S-hydroxylase is one of the greatest antioxidant
defenses in the air-lung interface and it is essentially used as a cofactor of Glutathione
S-transferase in the conjugation of hydrophilic substances, the most studied gene is
GSTP1 Val105, which is highly expressed in GST in respiratory epithelium and whose
variant has been reported as a protector against risk of asthma (Table 7).

Most authors agree that HLA class I molecules are highly polymorphic and therefore,
there are likely candidate genes to influence in the development of a specific immune
response, this situation and the small size of the analyzed samples make difficult the
study of this polymorphism, B Beghé® observed a lack of association between this and
the phenotypic presentation of the disease. FNT o A-308G is a potent cytokine involved
in the inflammatory processes of airways in asthmatic people and it would be possible
that this negative association resulted in a type II error, requiring studies with larger
populations (Table 8).

The most effective way to detect a gene-environment interaction is measuring both
genotype and environmental risk factor, this is a fundamental principle to understand an
epidemiological link, D. Bernstein ?¥ observed that citokines, IL-4 and IL -13, play a key
role in B cells and a change in IgE and it is believed that it can determine at least in part
the expression of airways inflammation and allergic diseases. IL-4 may at least have an
important role in the phenotype of chronic asthma associated with isocyanates (Table 8).

Jeong-Hee Choi et al. @ suggest that natural history of asthma induced by isocyanates
resembles to type I hypersensitivity responsible of allergic asthma, type specific IgE
antibodies weren’t detected in most of the subjects with asthma induced by isocyanates,
which may be due to low understanding of isocyanate antigens and their carrier proteins,
observation also suggested by Piivi Piirild et al. ® This finding was also confirmed by B.
Beghé®, which presuppose that HLA class I alleles and haplotypes are not associated
with asthma induced by toluenes. However, HLA DQB1*0402 alleles were also studied,
maybe more susceptible of specific IgE sensitization against TDI-albumin conjugates,
which may contribute at least in part to the development of this disease. HLA class II
polymorphism was also analyzed, observing a strong association between haplotypes
DRB1¥1501, DQB1*0602, DPB1*0501, which can be considered as genetic markers for the
development of asthma induced by TDI. Several HLA alleles enhance specific IgE
sensitization in exposed subjects. Thus, the HLA gene polymorphisms may contribute to
the pathogenesis of asthma induced by toluene (Table 8).

Gene-gene interactions are of considerable importance. We must to take into account
the complexity of isocyanates metabolism, as well as the immune system response, the
polygenic nature of the disease and the variability of environmental exposure. Karin
Broberg ®, conducted a gene-gene and shared allele connection analysis to the effect of
lower airways’ symptoms; (eyes, wheezing, dry cough and cough up mucus), of subjects
exposed to TDI and non-exposed people. CCL5 genotype seems to have a high risk of
showing symptoms associated to wheezing and cough up mucus, the risk being three
times higher with the association between CCL5 and exposure to TDI. Gene-gene
interactions in this study considered the complex metabolism of isocyanates as well as
his immune response, gene-gene combination analysis showed no evidence of an additive
effect, except for the combination GSTM1 and GSTP1 for coughing up mucus in non-
exposed workers (Table 9).

Genetic variants of CTNNA3 (a-Catenin), gene that is located on chromosome 10q21.3,
which are involved in the formation of tight intercellular adhesions. In the analysis
conducted by D. Bernstein®®, regarding CTNNA3 (o0 T catenin), he found polymorphic
nucleotides (rs10762058, rs7088181, rs1786929, and rs4378283) associated to occupational
asthma induced by isocyanates, which suggest that CTNNA3 genetic polymorphisms may
confer a risk for asthma induced by TDI increasing epithelial damage and inflammation
of the airways (Table 10).
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DISCUSSION AND CONCLUSIONS

There have been few the lines of research opened on occupational asthma induced
by isocyanate, we have observed that most of the papers where published between 2004
and 2013, suggesting a greater interest in the study of genetic predisposition associated
to the development of diseases. We must also take into account that development of
biomedical technologies for detection of nucleotide polymorphisms has been refined in
recent years.

Occupational bronchial asthma induced by isocyanates is a multifactorial disease
and apparently genetically heterogeneous. Regarding the findings, this disease involves
a variety of genes located on different chromosomes, as well as their alleles and the
substitution of nucleotides, the homozygous and heterozygous status, which may
determine the phenotypic penetrance of the disease. On the other hand, we must take
into account the environmental factors influencing the expression of the disease, as time
and intensity of exposure to isocyanates in workplace.

Gene-gene interactions are of considerable importance. We must consider the
complex metabolism of isocyanates, as well as the immune system response, the
polygenic nature of the disease and the variability of environmental exposure. The
finding of certain genotypes modifying the effect of symptoms, suggest that they are
associated with each other and that they have common mechanisms. We observed that
low circulating levels of TNF-308G and -863A may be related to the symptoms of the
population exposed to TDI. An increased asthma risk was observed for carriers of the
gene TNF-308G y -863A, fact coincident with the studies conducted by A. Balboni®
y C.E. Mapp et al.® that may hypothetically contribute to formation of powerful reactive
metabolites by the oxyacetylation in airways, which would increase the individual risk
of symptoms associated to TDI.

The presence of inflammation of airways is a relevant biochemical characteristic of
asthma. Oxidative stress, with the formation of oxygen free radicals, is a key component
in inflammation, suggesting that polymorphic GST, specially the mu class, play an
important role in modulating the individual’s response to the occupational exposure to
diisocyanates, a fact that was reported by Piivi Piirili®Y. The analysis of IgE specific
antibodies was observed only in 10-30% of the cases suggesting that other immunological
or non-immunological mechanisms are involved in the etiology of this disease.

The risk of developing asthma increase with the time of exposure, but the time
course follows a pattern of an epidemic curve, with an average period of 1-2 years,
compatible with the development of sensitization and asthma in a susceptible population.
However, the latent period between the start of exposure and the start of symptoms is
quite variable, Cristina E et. al@®? | studied the gene GSTP1*Vall05 suggesting that it
confers protection against asthma induced by TDI, being protective against the disease
or at least a modulator, so that some subjects develop asthma after several years of
exposure and it would partly explain why some exposed subjects develop asthma and
others not.

The strong role of NAT, observed by Harriet W. et al. ®® may be due to formation of
immunological haptens coming from isocyanate, the more favorable formation taking
place in slow acetylators than in rapid acetylators, these results suggest that, in addition
to GST, NAT play an important role in the modulation of the individual susceptibility of
asthma induced by diisocyanate exposure.

HLA associations don’t always provide clear evidence of a specific immunological
response in asthma caused by low molecular weight sensitizers. In the study of B.
Beghé® she demonstrated that FNT o A-308G polymorphism doesn’t play the major role
in the disease.

The most studied gene is GSTP1 Vall05, which is strongly expressed in GST in
respiratory epithelium and whose variant has been reported as protective against risk of
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asthma; Berran Yucesoy et al.®®, however, this study is inconsistent when dealing with DA,
unlike the finding of the study of Cristina E.?? who does find a protective association and
modulator of asthma associated with isocyanates.

Genetically determined reduced expression of o T catenins and their influence at
the level of cell adhesions in the airways may play a role in the pathogenesis of this
occupational disease. Further studies will be needed to make clear the exact mechanism
by which CTNNA3 contributes to asthma induced by TDI®®. Another finding of
D. Bernstein ®? suggest that IL-4 and IL-5 are expressed in the bronchial tissues 48 hours
after inhalation of isocyanate, only IL-5 persist in patients with chronic asthma after
elimination of TDI from workplace. Concluding that data clearly show that combinations
of IL4RA, polymorphisms of IL-13, and CD14 may represent genetic markers of
susceptibility to asthma induced by diisocyanates specially by HDI.

The most effective way for detecting a gene-environment interaction is to measure
both the genotype and the environmental risk factor, this principle is fundamental to
understanding an epidemiological link. The phenotype represents a genotype-
environment interaction, because the disease will appear only if the exposure exists and
phenotype is not expressed if it is not genetically determined (susceptibility). There is
also the problem of incomplete penetrance, which means that an individual has a
predisponent polymorphism and doesn’t develop the disease, as opposed to one who
doesn’t possess it, and he does develop it if the exposure is sufficiently intense
(phenocopy). Genetic susceptibility can influence the disease in different ways. First, on
the risk of disease itself; second, it can increase by environmental exposure to isocyanate,
and third, the risk factor can increase the genetic effect“?,

Genetics has a significant influence in occupational asthma induced by isocyanates,
but the ‘weight’ of genetic susceptibility and of the gene-environment interaction have
not been fully elucidated yet. To fully understand the genetics of this complex disease, it
is essential to establish a multidisciplinary team to identify metabolic pathways and
define the precise genotype of the disease. Once we have understood the mechanisms
and how genetic polymorphism interacts with environmental factors, we must identify
subjects with a predisposition to develop occupational asthma or other allergic diseases.
These questions remain open, since, so far, the search for genes in asthma and allergies
continues, as much of the information is still fragmentary.

The epidemiological approach makes it possible to evaluate models to investigate
the relationship between genetic susceptibility and environmental risk factors.
Understanding the relationships between genes and working environment has
implications in society and for workers’ health, given that some environmental factors
and from workplace that influence the genetic risk can be modified.
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