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Abstract

Recent research on the biology of stomach cancer has focused on the links between genetic susceptibility as it can be identified through polymorphisms of genes coding for gastric mucins and the action of factors defined as "environmental", such as infection by the bacterium Helicobacter pylori. A comparative study of two countries with high incidence of gastric carcinoma - Portugal and Colombia - and a third country where incidence is almost non-existent - Denmark - usggests that the definition of genetic susceptibility is a situated accomplishment, dependent on the identification of environmental conditions such a infection by H. pylori. The paper, based on an ethnographic study of a team of oncobiology researchers who carried out this type of comparative work, examines the co-construction of the differential ecologies of gsatric carcinoma defined by researchers as a pathology emerging from gene/environment interactions and of research ecologies articulating epidemiology, environmental pathology, bacteriology, molecular genetics and immunochemistry. 
Introduction

In the wake of the "geneticization" of cancer in the late 1970's and early 1980's, environmental approaches to cancer and its origins tended to be marginalized or, at best, used in ad hoc ways as providing settings for the onset of processes which would be explained, in fact, by molecular approaches.
 What was defined as the interplay or the interaction of genes and environment in the initiation and promotion of cancer, however, never disappeared from the horizon of researchers who had to deal with some types of cancer for which conditions associated with the "environment" could hardly be ignored. The case of stomach cancer is particularly interesting here. Its prevalence is very high in some countries of Southern Europe, Latin America and Asia (such as Japan and China), but very low in Northern and Central Europe or North America. For a time, diet was seen as the prime environmental suspect among the factors associated with stomach cancer. In the early 1980's, however, when infection by the bacterium which came to be named Helicobacter pylori was found to be strongly correlated with several types of gastric pathologies, a new path of inquiry into the factors linked to the initiation and promotion of gastric carcinoma was opened up. Over the next decade, the crucial role of bacterial infection in gastric carcinoma gained progressive acceptance among researchers, pathologists and clinicians. At the same time, growing interest in how gene polymorphisms made a difference in terms of exposure to risk of gastric disease triggered parallel developments in the exploration of what "genetics" meant whem dealing with the latter and, in particular, with cancer.  

The term "ecogenetic" has been proposed as a label for renewed approaches to cancer based on the interplay of emerging "environment exposure factors" - with Helicobacter pylori playing a prominent role - and "host genetic susceptibility", rooted in genetic polymorphisms. This kind of research is strongly articulated with clinical concerns, in the context of what is described by researchers as "translational research" (Nunes, 1999). If it is true that biomedicine has obvious difficulties in dealing with the "environment" and "environmental factors", in conceptualizing them and in modelling ecological approaches to disease
, "ecogenetic" approaches display an interesting feature: they thrive on the identification of what could be appropriately described as mediations, that is, "events" or "actors" (in the Latourian sense) which "cannot be exactly defined by [their] input and [their] output" (Latour, 1999: 307). Examples of these mediations are "environment exposure factors", "virulence" or "host susceptibility". This paper will focus on the co-construction of successive modes of existence of objects - such as Helicobacter pylori, genes or gene polymorphisms - defined through their embeddedness in practices associated with specific biomedical platforms (Keating and Cambrosio, 1999) and the set of mediations through which those modes of existence are enacted. This process of co-construction appears as a practical accomplishment of "ecogenetics". For all practical purposes, the ecologies of disease - in this case of gastric disease and, in particular, gastric carcinoma - are coterminous with the ecologies of research and diagnosis through which they are performed.
 

Setting the stage: a biographical sketch of Helicobacter pylori

In 1982, two Australian physicians, Warren and Marshall, succeeded in culturing bacteria from a gastric biopsy. The results of their work were first published in 1984, after several unsuccessful attempts. The colonization by bacteria of the gastric region was generally seen as an impossibility, due to the inhospitable environment which, through secreted acids, allegedly kept the stomach sterile. The two Australian physicists, however, found a strong association between two kinds of peptic ulcers and what seemed to be infection by a bacterium. After a struggle for having their views put to the test, Warren and Marshall were finally vindicated, thus turning an implausible or impossible entity into a central actor in gastric pathology. This required the development of different research lines, involving several specialties in biomedicine, including gastroenterology and microbiology. Identified at first as a strain of an already known bacterium, Campylobacter, and christened accordingly Campylobacter pyloridis and later Campylobacter pylori, the new bacterium would finally be recognized as an altogether different kind and renamed Helicobacter pylori (H.p.) in 1989 (Goodwin, 1994).

By 1994, H.p. had been recognized as a key factor in many gastric diseases. A group of specialists in gastric pathology met to update the guidelines for the diagnosis and prognosis of gastritis, stressing the central role of H.p. in most forms of chronic gastritis and associated gastroduodenal diseases:

The discovery of Helicobacter pylori totally altered our concepts of etiology, as it has become apparent that infection with this organism is the major cause of nonautoimmune chronic gastritis. Furthermore, investigations of gastritis prompted by the discovery of H. pylori have led to the recognition of other distinctive forms, such as lymphocytic and reflux gastritis (Dixon et al, 1996: 1161). 

These guidelines, known as the Updated Sdney System, were published in The American Journal of Surgical Pathology in 1996, and have become an obligatory point of passage (Latour, 1987) for clinicians and researchers. In 1991, four different studies established a relationship between infection by H.p. and gastric carcinoma. Further evidence on the latter led the International Agency for Research on Cancer to declare H.p. a class I carcinogen in 1994.

By the mid-1990's, and in spite of some influential but minority dissenting voices, H.p. was well-established as a central actor in gastric pathologies. Its association, as shown by epidemiological studies, with chronic gastritis, peptic ulcer and gastric carcinoma, was seen by most researchers and clinicians in the area as demonstrated, and treatment of infection by H.p. had been successfully managed through the use of antibiotics. In 1997, Nature published the first complete sequence of the genome of two strains of H.p. (Tomb et al, 1997). This was followed by a plethora of studies on the variety of strains of H.p. and on their respective genotypes. The latter is seen by researchers as a crucial step towards more effective strategies for the treatment of infection. 

In spite of this portraying of H.p. as the villain in stories of gastric disease, researchers are presented with many zones of uncertainty as far as the question of relationship of bacteria to host is concerned. This question is directly relevant to the concerns of this paper, and is neatly summarized in a passage which is worth quoting at length:

H.pylori has probably been part of the normal microbial flora of humans since ancient times (…). If we assume that colonization has occurred over a long time, it is plausible that the bacterium has since adapted to fit its ecological niche in the gastric mucosa . This may have developed into symbiosis of bacterium and host, and thus H. pylori and the human host exist in a dynamic equilibrium, microorganisms and host signaling each other (…). Disruption of this equilibrium may influence processes such as epithelial cell proliferation and apoptosis, gastric acid secretion, and lymphoid proliferation. At present, it is unknown which factors determine development of disease, and many patients remain asymptomatic, despite persistent colonization by H. pylori. However, these processes are multifactorial and extremely complex, involving bacterial virulence factors, host factors and environmental conditions. Each will play a role, but the relevance of individual factors as well as their interaction is not clear at present (Figueiredo, 2000: 205). 

The action of H.p. as a pathogen thus depends on three kinds of "multifactorial and extremely complex processes", "bacterial virulence factors", "host factors" and environmental conditions". The outcome of the intersection of these processes is not always the development of disease, since asymptomatic patients infected with H.p. are identified. Notions like "symbiosis" and "dynamic equilibrium", and explicit reference to the way the bacterium "fits" its "ecological niche" in the gastric mucosa hint at the existence of "normal" or non-pathological relationships between bacteria and host. 

A further complication arises from the non-universality of the relationships between bacterial virulence, host susceptibility and environment. Over the last decade, effective treatments for the eradication of H.p. were developed, with a success rate of over 90%. Whereas the predictable relationship between erradication of H.p. and the decrease of pathologies like peptic ulcer and non-cardia gastric cancers has been confirmed, other diseases, like gastroesophageal reflux, Barrett's esophagus, adenocarcinoma of the lower esophagus or gastric cardia have increased "dramatically and progressively". Some of the strains of H. pylori, as suggested by a number of studies, may well offer some protection against the latter diseases, even if the same strains are "associated with a higher risk for diseases of the lower stomach" (Figueiredo, 2000: 206). This raises the possibility that

[b]y eliminating H. pylori to reduce risk in one group of diseases, the risk for others could be increasing. It can even be hypothesized that H. pylori might have other beneficial features for the host, not apparent today (Figueiredo, 2000: 206).

"Host equilibrium" appears as another mediation in search of a specific ecology of research, this time suggesting a properly "ecological" approach and the definition of the "normal" - as opposed to pathological - condition of H.p.-host relationships.

The interest of the history of H.p. for research in science studies hardly needs demonstration. We are dealing with an object which goes all the way from an "impossible" entity, conflicting with established knowledge within several sub-disciplines of biomedicine, to an infectious agent responsible for ulcers and chronic gastritis, to an environmental factor of gastric carcinoma risk and a class I carcinogen, to a heterogeneous set of genotypes with variable virulence and, finally, a partner in a symbiotic relationship with the human gastric mucosa and a potential protection against certain diseases of the gastric system.. These successive modes of existence of the object H.p. (or, more precisely, of the object successively named C. pyloridis, C. pylori and H.p.) are linked to specific performances of that object, to different ways in which its salience is affirmed, its emergence is described, its productivity is enacted and its embeddedness is carried out (Daston, 2000). Both specific research ecologies and spaces of controversy are associated with each of these modes of existence. The latter, in turn, can hardly be understood as the display of any "essential" features of H. p. H. p. had to be performed in and through specific research ecologies in order to exist in its different modes. These cannot be dissociated from the work of mediation which is accomplished through specific laboratory activities. I shall look in more detail at the performance of two modes of existence of H.p.. The first is based on the definition of H.p. as an "exposure risk factor" whose action as pathogen is mediated by mucins, a specific type of protein. The second rests upon the identification of a range of genotypes of strains of the bacterium associated with differential virulence. Both virulence and host susceptibility appear as crucial mediations between genotypes, infection and carcinoma, and between the "genetic" and the "environmental". These mediations emerge from the intersection or "constructivist interaction" (Oyama, 2000a,b) of objects and procedures associated with different biomedical platforms (Keating and Cambrosio), through hybrid approaches described as "clinical microbiology" or "molecular epidemiology". This intersection, in turn, generates specific ecologies of research (Star, 1995).

Biomedical platforms are "material and discursive arrangements or sets of instruments and programs that, as timely constructs, coordinate practices and act as the bench upon which conventions concerning the biological or normal are connected with conventions concerning the medical or pathological" (Keating and Cambrosio, 1999: 53-54). They provide the conditions for the intersection, as a practical accomplishment of biomedical work in different settings, of the worlds and practices of research, pathology and clinical work, and thus for the doability of "translational research". The virtues of the concept of biomedical platform is forcefully argued by Keating and Cambrosio (1999: 54-55) in the following terms:

First of all, medical sociology and the sociology of biomedical research generally presuppose a division between mundane or routine medical activities and the more exceptional work of biomedical discovery and innovation. Thinking in terms of platforms allows one to see and analyze the continuities between these apparently distinct activities. An additional bonus is to be found in the treatment of regulation, which from the platform no longer appears as an obstacle to fruitful work or innovation, targeting mainly routine activities. Regulation now appears as a condition for the production, circulation and interchangeability of novel entities and prcatices. How regulatory processes work in this respect should become the subject of further research.

Second, the notion of platform draws together actors - physicians, researchers, industrialists, patents - as well as objects - research materials, specimens, standards, contracts, high-tech and low-tech equipment - that were previously thought to inhabit separate social worlds although, empirically speaking, they are often found in the same room. A view from the platform shows cooperation and interdependencies where segmentation and conflict seemed to reign. As yet another bonus, the dichotomy between science and technology which has dominated the analyisis of technoscientific and medical activities can now be curtailed without being discarded. The platform allows one to move from one contingent embodiment of the division to the other, without overlooking the continuities or denying the differences.

Finally, platforms make room for historical contingency. (…) They are a basis for action and, as such, cannot be reduced to ongoing achievements if, by the latter term, one understands the constant renegotiation of modalities of authority and power. Platforms do express temporary configurations of interests but do not correspond to pre-established interests. As such, they are not trivial without being transcendental.

The first of the properties of biomedical platforms outlined by Cambrosio and Keating will be of particular interest here, especially the way it allows not only novel entities and practices to emerge as recognizable "epistemic things" (Rheiberger, 1997), but also a range of modes of existence of these entities associated with specific research ecologies. 

But let us have a closer look at how these ecologies are performed in and through specific research activities. A long-term study of the Institute for Pathology and Molecular Immunology of the University of Oporto (Portugal), a research unit with a focus on the biology of cancer and of genetic diseases, provides the empirical materials upon which the discussion that follows is based. The Institute, established in 1989 through the fusion of several previusly existibng research groups, is one of the world's top research units in the field of gastric pathologies and, in particular, gastric cancer. It gathers about 40 researchers, and hosts a highly rated graduate program in biology and medicine, as well as a laboratory performing routine diagnoses of several types of cancer and genetic diseases. Since its creation, the Institute has been engaged in a number of international cooperations in its field. Between 1994 and 1999 I carried out an ethnographic study of the Institute, following very closely the work of one of the research teams. Over the last two years, a follow-up study of some specific research problems has been going on. This paper is based on materials from these two studies, including observation of laboratory work, interviews with researchers, technicians and graduate students and an analysis of published and unpublished papers, reports and dissertations.
 

Gene polymorphisms, "environmental exposure risk factors" and susceptibility

The interest of researchers, pathologists and clinicians in gastric carcinoma in Portugal is justified by its very high prevalence - the highest within the European Union -, making it one of the most important causes of death from cancer in the country. By the mid-1990's, it was generally accepted among specialists that the risk of stomach cancer was strongly linked to the prevalence of a range of gastroduodenal diseases, and, in particular, to infection by H.p. It will come as no surprise, then, that considerable effort was put into research in the ways H.p. infection and gastroduodenal diseases were part of the process of gastric carcinogenesis. Identifying both paths towards cancer and the range of environmental and host conditions involved thus became central aims of research initiatives. These were, in turn, preconditions of a more effective intervention in early diagnosis, prognosis and effective therapy. An article published in 1997 appropriately summarizes the state of knowledge at the time, especially the difficulties in defining the relative contribution of genetic and environmental factors and their interplay to the disease:

Gastric carcinoma is a major cause of cancer death worldwide and, like most human cancers, probably develops after environmental insults acting on normal individuals and/or individuals with increased genetic susceptibility. The relative contribution of environmental exposure and genetics for the risk of developing gastric carcinoma is far from being established. Diet and infections, with particular emphasis on Helicobacter pylori infection, have been identified as exposure risk factors. In contrast to most Western countries, the mortality rates from gastric carcinoma have not declined in Portugal raising the possibility that the Portuguese population may have some particular genetic susceptibility for gastric carcinoma development (Carvalho et al, 1997: 107).

Previous research was successful in identifying genetic host factors which are active in the initiation and progression of gastric carcinoma. This type of cancer, however, has always been associated with exposure to factors generally described as "environmental", such as diet or chemicals used in food production and processing. H. p. was added to the list of environmental factors associated with gastric carcinoma in the wake of its emergence as a crucial cause of chronic gastritis of some types of petpic ulcers. That a country with over 80% of the population infected by H.p. - as was the case of Portugal - was also a country where the prevalence of gastric carcinoma was extremely high pointed towards an additional effect of H.p. as a pathogenic factor. Several research projects were launched to inquire into the likely relationship between H. p. infection and individual susceptibility to gastric diseases and, in particular, to gastric carcinoma. Research designs drew on several biomedical platforms, ranging from the immunochemical to identify the presence of bacterial infection to the molecular biological for the extraction and processing of DNA, RNA and proteins in order to identify host polymorphisms, and to the epidemiological, to study the presence and distribution of infection by H.p. and of a range of gastroduodenal pathologies. "Susceptibility" was the key concepyt in trying to identify the relationships between "environmental" and host "genotypical" features. Biological materials drawn upon included blood samples from patients with gastric carcinoma and from blood donors, gastric biopsis, cell lines and cultures of bacteria such as H.p. and E. coli. 

A central object through which susceptibility was to be turned into a "do-able" problem ranging across biomedical platforms was a particular type of proteins, known as mucins. Mucins were regarded as 

attractive molecules to study the relationship between genetics and environment because they play an important role in the protection of gastric mucosa and exhibit a highly polymorphic genetic variation in their length. In fact, mucins are the major structural components of the mucus viscous gel covering the gastric mucosa, and represent the first line defence barrier against environmental aggressions. All mucins have in common the presence of extended arrays of tandemly repeated peptides rich in serine and threonine residues that are potential O-glycosilation sites. The variable number of tandem repeats accounts for the extensive polymorphism observed at DNA, RNA and protein levels. MUC1 and MUC2 are the only two fully sequenced human mucin genes. Several other human mucin genes have been cloned and partially sequenced. The protein product of the MUC1 gene (mammary/pancreatic mucin) has a molecular weight that correlates to the size of the mRNA and to the size of the DNA restriction fragments, suggesting an important gene effect on the final structure of the mucin. All known mucins are secreted products except MUC1 which has a transmembrane anchorage domain leading to a membrane-bound mucin (Carvalho et al, 1997: 107).

The study of gene mutations during carcinogenesis had shown that "[m]ucin glycoproteins suffer systematic alteration during carcinogenesis in general and gastric carcinogenesis in particular", and that high polymorphism of mucin genes was linked to susceptibility to gastric carcinoma, particularly among "individuals with MUC1 and MUC6 genotypes containing a low number of tandem repeats - coding for  `small´ mucins" (Research proposal, 1995). Mucins were also important as providing sites for the adherence of micro-organisms - including H. p. -. Following from the recognition of the role of mucins as "key molecules in gastric carcinogenesis", research was extended in two directions. The first aimed at identifying new mucin genes expressed in gastric cells, since only a small part of them were known. The second direction focused on the role of mucins in the interplay of genetic and environmental factors associated with susceptibility to gastric carcinoma, particularly as they facilitated or prevented the adhesion of .pathogenic microorganisms. Three aims followed from this: 

a) assessing the relationship between polymorphisms of the MUC1 and MUC6 genes and the risk of gastric carcinoma;

b) examining the relationship between MUC1 gene polymorphism and infection by H. p.;

c) examining the relationship between mucin gene expression and the adherence of H.p. to gastric carcinoma cell lines.

The high expression of MUC1 mucin on the gastric mucosa led researchers to hypothesize an influence of MUC1 plymorphism on the differential susceptibility of individuals to environmental aggressions leading to gastric carcinomas. Smaller mucins would thus be linked to a smaller protective effect. Further work engaged in the testing of this hypothesis. As part of a case-control study in molecular epidemiology, Southern blot analysis was performed o biological samples from a group of patients with gastric carcinoma and from a control group of blood donors, all Caucasian and living in Northern Portugal. This allowed MUC1 gene polymorphism to be evaluated in both groups, showing that smaller mucins tend to be indeed associated with greater incidence of gastric carcinoma. 

The paper reporting on this work had at its title "MUC1 gene polymorphism and gastric cancer - an epidemiological study", thus underlining the intersection of two platforms - the molecular and the epidemiological - and articulating the work of disembodiment and deterritorialization of cancer associated with the molecular platform to the specification of the set of embodied and territorialized "latourian" actors (Latour, 1987) which were part of the standard procedures of epidemiological research - the case-control method, in this instance. These actors include Portugal and the Western countries, genes like MUC 1, bacteria like Helicobacter pylori, alleles, molecules like RNA, DNA and mucins, patients with gastric carcinoma and blood donors, techniques like Southern blotting and PCR, VNTR's and polymorphic gene expression... 

The same approach was used for a comparative study with a Danish sample and was later extended to Colombian samples. 

Denmark was known to be a country with negligible levels of infection by H.p., on the one hand, and a very low prevalence of gastric carcinoma. Colombia, however, displayed a very high prevalence of both. 

Two interesting results emerged from this comparative work. First, the relationships between MUC1 gene polymorphisms and risk of gastric cancer identified in Northern Portugal did not hold in Denmark, although they were confirmed for Colombia. In fact, in Denmark, "small" mucins were not associated with higher risks of gastric disease. Susceptibility arising from gene polymorphisms thus seemed to depend crucially on the preence of pervavise infection by H.p. But, secondly, the comparison raised the issue of whether "infection by H.p." was an appropriate description of how the bacteria acted as a risk factor for gastric carcinoma. In fact, different strains of H.p. seemed to have significanctly different effects on the risk of developing stomach cancer.

The follow-up on this work required that both "H. pylori" and "host susceptibility" be examined in more detail, and taking into account the geography of the distribution of both infection by the bacterium and gastric carcinoma risk. New objects emerged from this work: H. pylori was redefined as a set of strains associated with different genotypes, and thus displaced from its condition of "environmental" factor to that of "genetic" entity; host susceptibility, in turn, was to be further differentiated into mucin gene polymorphism. HLA genotypes and gastric acid output, among others  and Il-complex polymorphisms. The definition of what an "environmental factor" was, in turn, remained shifting and imprecise. Smoking, for instance, was sometimes defined as an environmental factor, sometimes as a host factor. As a result, the gene/environment couple was turned into an environmental factors/variably virulent infectous microorganism/host susceptibility triad. The specific research ecologies associated with this move are described and discussed in the next section.

Bacterial genotypes, strains and virulence 
By the late 1990's, both H.p. and host susceptibility were seen as prime targets of research. Research focused mainly on the elucidation of the molecular structure of genes associated with virulence in different strains of H.p., proceeding along three main lines:

· the development of methods (molecular biological and serological) for typing H.p. strains;

· the mapping and analysis of the distribution of H.p. strains across the world, their associations and relationships with epidemiological data on gastric diseases;

· the assessment of the clinical relevance of genotypes of H.p., drawing on molecular biology, serology and epidemiology.

Host susceptibility, in turn, focused on the identification of human polymorphisms associated with mucins, the IL-1 cytosin, blood groups and the HLA system.

Dur to limitations of space and time, I shall focus here on research on H.p. and virulence. 

This research orientation required the redefiniton of H.p. in terms of a variety of strains characterized as a set of genotypes and according to serological profiles . Procedures associated with the molecular platform were available for the task, such as RAPD (Random Amplification of Polymorphic DNA, also known as PCR fingerprinting), PFGE (Pulsed-Field Gel Electrophoresis), RFLP (Restriction Fragmnment Length Polymorphism), Type-specific PCR and LiPA (PCR-reverse hybridization, based on the Line Probe Assay principle). The latter technique was the prefered one. It is based on "the simultaneous amplification of multiple genomic fragments" (Figueiredo, 2000: 28). It is "particularly suitable for standardized epidemiological studies", and its high sensitivity to "simultaneous detection of multiple strains" makes it an appropriate technique for dealing with instances of co-colonization of a patient's gastric mucosa by different strains of H. pylori. It is noteworthy that the choice of technique was largely made on the basis of its appropriateness for clinical and epidemiological studies, and not simply for its reliability or efficiency as a molecular biological tool. Its use made it possible to work directly on biopsies, thus avoiding possible selection of microrganisms associated with cultures (Interview with researcher). In addition, various assays (Helicoblot versions 2.0 and 2.1, Pyloriset screen CagA, DDL prototype CagA assay, Vanderbilt University anti-CagA EIA) were used for serological analyisis.

A number of differences between genotypes were thus identified, such as variation of gene order or variable presence of plasmids. The mechanisms underlying the diversity of strains, including point mutation, transformation and recombination were also investigated. But the main interest of researchers was in the search for genetic markers of the differential degree of virulence of different strains. Whereas genotypical characteristics can be identified through gene sequencing techniques, "virulence" is a relational construct, which cannot be performed by resorting to specific standard procedures associated with biomedical platforms. Several steps were required to define "virulence". The first involved taking biopsies or other biological materials from both patients with gastric diseases associated with H.p. infection and healthy individuals. Next, several virulence associated genes (vacA, cagA, iceA and babA), which were present in patients with disease, but absent from the healthy, were identified  using serological assays. Finally, the relationships between these genes and the presence of specific pathologies, as well as the co-existence in the same hosts of the genes of interest, were established through appropiate inscription devices, at the intersection of several biomedical platforms. "Virulence-associated genes" was the term used to describe these particular features of the genotypes of different strains, a term "largely based on clinical and epidemiological observations". "Virulence" is thus a crucial mediation in the work of establishing how specific genotypes are linked to specific pathologies found in biological materials from patients. 

In turn, however, the very definition of the strains of interest and of the appropriate methods for genotyping are closely linked to identification of clinical effects and of epidemiological distribution of infection and related pathologies. Different biomedical platforsm thus intersect in the course of this work, giving rise to new configurations of approaches, ranging from the molecular to the immunochemical and the epidemiological. Tables, charts and maps were the modes of inscription through which the intersection of approaches and of platforms was stabilized, thus enacting "virulence" and "virulence associated genes" as objects of scientific work and discussion, but also as significant resources for clinical intervention. 

Discussion
The two research orientations considered in this paper suggest a range of questions with a more general interest concerning the play of environment and genes in biomedicine and, more specifically, on the links between the biographies of biomedical objects - such as H.p. or genes - and the mediations through which that play is enacted in the form of coterminous, specific ecologies of disease and of the knowledge of disease. These questions would include the following: 

- How is the presence of H.p. identified in the biological materials dealt with in biomedical research pathology and clinical practice?

- Which biomedical platforms are mobilized to inquire into what H.p. "does"?

- Which pathologies are associated with H.p. infection?

- How are different pathologies linked to differentiated genotypes or strains of H. p.?

· How is host susceptibility defined?

· How are the links between virulence, risk and host susceptibility defined?

· How are entities distributed across the gene/environment divide?

· Which links can be specified between different pathologies associated with H.p. infection? 

· What are the specific ecologies of gastric disease associated with the initiation and promotion of gastric carcinoma?

· Under what conditions can "host-equilibrium" be identified?

· What are the consequences of the knowledge generated by these approaches for prevention, early diagnosis, prognosis and treatment of gastric pathologies, including cancer?

This work also raises interesting questions on how the "environment" is performed in biomedical research. Usually, the environment appears in the latter in one of three forms:

1- As a general, heterogeneous, usually non-specified or residual category of "factors", after pathogenic agents and hosts have been identified; which do not fit into the current versions of Koch's postulates and specificity;

2- As a set of attributes of individuals or of populations of individuals, or of particular locations, which are treated as background variables or as independent variables in epidemiological studies;

3- As entities linked to specific actions or effects compatible with established definitions of etiology, particularly those based on the model of infectious disease. In this model, specific pathogenic agents are identified as causes of diseases, and “environmental factors” include whatever generates settings hospitable to those agents. The attraction of genetic explanations of disease – and of cancer in particular – lies in its drawing on a similar explanatory framework, with one difference: the “cause” of the disease is no longer an “external” infectious agent – which, at most, “triggers” the onset of the disease -, but resides in the genetic makeup of the individual. 

These approaches hardly encourage more challenging conceptualizations of the environment and even less the development of ecological frameworks within biomedicine, that is, dealing with “developmental systems” Oyama, 2000a, b) or “intersecting processes” (Taylor, 1995). "Specificity" seems to be the keyword for understanding the particular brand of reductionism pervavise in biomedicine, and it is generally associated with a reliance on Koch’s postulates or on some modified version of them. This "philosophical dullness" (Haila and Taylor, 2001) of environmental issues in biomedicine, however, should not lead us to discard or ignore approaches which suggest alternative paths towards a more "ecological" approach to biomedical themes. In fact, the work described and discussed here suggests a third pathway, christened by some researchers as "ecogenetic", and based on relational definitions of entities, established though the work of mediations. These approaches redefine cancer as the contingent outcome of multifactorial, multistep and intersecting processes, including “precursor” conditions, emerging from the intersection of infectious agents, smoking, diet and host polymorphisms. This, in turn, invites a thorough reconsideration of what is meant by prevention and early diagnosis, and of appropriate therapeutic interventions. 
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� The history of the "geneticization" of cancer can be found in Fujimura,1996. For an insider account, see Weinberg, 1997. Popularizations of a gene -centered approach to cancer include Varmus and Winberg, 1993, and Weinberg, 1998. For a critical assessment of the virtues and limitations of molecular biological approaches to cancer, see Sobrinho-Simões  et al, 1998. Hess (1997) provides a detailed history of theories of the bacterial origins of cancer an of how they were removed from mainstream biomedical research.   


� The difficulties of biomedicine in dealing with the environment is discussed in Nunes, 1998; Proctor, 1995; Kroll-Smith et al, 2000; Kroll-Smith, and Floyd, 1997.


� My use of "ecology" follows that proposed by Star (1995: 2), as a means of "understand[ing]  the systemic properties of science by analogy with an ecosystem, and, equally important , all the components that constitute the system". This requires "treating a situation (…) in its entirety looking for relationships, and eschewing either reductionist analyses or those that draw false boundaries between organism and environment" (Star, 1995: 14). The focus on relationships is accomplished, here, through the identification of the relevant mediations. For an interesting development of the implications of the notions of co-construction or heterogeneous construction, see Taylor (1995). Different approaches to biomedical entities as performed can be found in Berg and Mol, 1998, and Lock, Young and Cambrosio, 2000.


� For an useful overview of the setting and chronology  of early work on Helicobacter pylori, see Thagard, 1998a, b, 1999. Besides the strange amount of misinformation concerning sociological approaches to science – for instance, his reductionist definitions of the “political” and of the “social”, or his silence on the work in science studies on scientific practices and the material cultures of research -, Thagard's account ends up being a "thin" description of a case which is wholly subordinated to a more general philosophical argument, glossing over details which would be of significance to a sociologist.  


� For a fuller account of this work, see Nunes, 1997, 1998, 1999.





