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Three general patterns of interactions between the clinic and the research laboratories are described.  Each of the three patterns (or "Paradigms") will be outlined in general terms in Part I.  The three paradigms will then be described in working detail, with specific examples taken from the laboratory of the author, relating the clinical disease of abdominal aortic aneurysm (AAA) with scientific work utilizing methods from several different disciplines of  modern biological sciences (Part II).  

Part I.

	When an investigator focuses a program of laboratory research on a medical disease or condition that arises in his/her clinical practice, there can be many consequences, some of which are expected, and some may not be expected.  The usual progression is that clinical observations lead to laboratory experiments that, with luck, may uncover previously unrecognized pathophysiological features of the disease.  Some of these features may lead in turn to the possibility of  new remedies (like effective pharmaceuticals) that find their way back into the clinic.   In due course, multiple oscillations occur, since the new drug is never 100% effective and free from all side effects. Then there will be further research in laboratory to produce more potent agents with fewer side effects.  We will call this script Paradigm 1: Clinic research-> basic research -> new therapeutic agents -> clinic (for Trials) -> Research for better agents < = > Clinical Trials.  


	Paradigm 2  applies when the clinician notices perhaps a single patient whose presentation breaks all the rules derived from textbook knowledge about the presumed  pathophysiology of a disease process.  A retrospective study is then carried out with both patient and control subjects to determine whether the novel finding can be generalized.  The clinicians, perhaps numerous research groups by now, will move on with more rigorous tests for further confirmation by several different methodologies, including  (in the situation presently under discussion regarding the genetic basis for AAA disease) epidemiological approaches (prospective case/control studies and population-based screening studies) and computational methods for analyzing the complexity of diseases that are best understood as being at least in part influenced by  genetics.   Meanwhile, basic scientists may have joined in on the chase for the AAA gene by traditional (candidate gene) or more recent ('reverse') molecular genetic methodology.    


Paradigm 3 is the least common, but at the same time, the most exhilarating scenario.   It occurs when research that began along the lines of Paradigm 1 (a clinical research program on a group of patients with a specified disease) or Paradigm 2 (a single patient in the course of a clinical practice) leads  to laboratory investigations, which in turn lead to additional laboratory investigations, ultimately with results that transcend the dimensions of the single disease process and have an impact on many of the biological sciences.   When the loop turns back this time, from the laboratory to the clinic,   it may find multiple broad pathways with consequences for large populations of patients with many different diseases.

	Concluding comment for Part I.  The dilemma that is always facing the aspiring clinician/scientist is that  the problems that he/she must work on are not always "elective", in the sense that one chooses the problem as the subject matter from the start.  The reason for this is that problems keep coming up on an almost daily in the laboratory itself, which must be solved in order to continue with the presently chosen methodological approach to the overall clinical problem that initiated the effort from the beginning. Sometimes these lab-initiated questions have substantial scientific merit as freestanding subjects for research.  The author would advise young clinician/scientists to steer clear of the temptation to work on these questions as  "pure" basic science adventures.  There are thousands of full-time career scientists out there who are much better trained to pursue the "pure" thing, and the part-time clinician worker risks losing sight of the original medical question, rooted in the patients of the clinic, which inspired the effort in the first place.  

Part II.

	Paradigm 1.    The author published his first communication about AAA in 1980 in a paper comparing characteristics of a group of patients with AAA versus a group with atherosclerotic occlusive disease of the aorta (AOD).  The unwritten hypothesis that initiated the retrospective study was that we had the clinical impression that patients with AAA had a better prognosis for long term graft patency than patients with AOD, because the senior author, Horace Stansel, could not recollect ever seeing an aortic graft fail from neointimal hyperplasia and eventual thrombosis in a AAA patient.   The initial satisfaction of seeing this hypothesis confirmed was overshadowed by the realization that there were so many differences in the populations of AAA and AOD patients at large, the author began to doubt that the textbook dogma that AAA was "caused" by AOD could be sustained as an informative explanation for AAA etiology.  The view began to evolve that, while AAA and AOD share common risk factors (probably operating along separate pathways), the disease processes are so distinctively different that AAA should be investigated in laboratory without prejudice as a freestanding, independent scientific problem.  The notion eventually evolved that AOD is a disease of the subendothelium that leads to stenosis; and the AAA is a disease of the adventitia affecting the load-bearing collagen, the failure of which leads to ballooning.  

	When it came time to study the microscopic pathology of AAA with Colleen Brophy and others in 1990, we used AOD specimens (instead of normal human aorta) as the control group.  Examined side by side, the increase in inflammatory reaction in the AAA adventitia by comparison to AOD was conspicuous.  Lymphocytes and Aneurysm-Infiltrating Macrophages (AIM-cells) were densely confluent in the adventitia of most AAA specimens.  The presence of Russell bodies (eosinophilic aggregates of Ig), which are hallmarks of diseases of autoimmunity, was also noted in some specimens.  

	Further studies showed that Matrix MetalloProteinase-9 (MMP-9), an important enzyme in the degradation of intact aortic elastin, had its cellular localization in the AAA macrophage; while MMP-1 was most detectable in fibroblast-like cells,  and also in endothelial cells of the neovascularizing vessels of the typical AAA adventitia.  Others quickly noted that certain tetracycline-like compounds, with unimpressive activity as antibiotics, were potent MMP inhibitors.  One of these compounds, doxycycline, was found by others to inhibit the development of experimental AAA's in rats and mice, and it has made its way to clinical trials in man.  An initial report suggests that the race will soon be on for more potent agents for the prevention of AAA in man, with fewer side effects.  Thus, the loop has been closed for Paradigm 1, with equilibration into  a steady state of interaction between the clinic and the laboratory.       

 	Paradigm 2.  In 1977 the author repaired a thrombosed aneurysm of the popliteal artery in a Caucasian male patient, who was non-smoking, non-hypertensive, and non-hyperlipidemic; and thus not the stereotype of an aneurysm patient.  He subsequently required repair of a contralateral popliteal artery aneurysm, and then a AAA.  His mother had died of a ruptured aneurysm.  In 1984 we published two accounts of familial clustering collected retrospectively, first in sixteen families, and then in fifty.  Others published additional work on a firmer scientific basis,  because the family histories of control subjects who presented with AOD were included in the analysis.  Others also published studies based on the prospective screening of male siblings, which were consistent with the notion of inheritance of a single dominant gene, considering the strong negative bias of the experiments against finding a positive result (because of sudden death of siblings from unknown causes and also the probability that all patients screened had lived long enough to have passed through the age-related window of peak risk).  The best available contemporary studies,  based on  computational  modeling of family histories with large numbers of analyzed subjects, are predicting a single locus (which may be either autosomal or recessive).   The initial approach by the laboratory of the author was 'candidate gene', and we found an identical polymorphism of the gene for TIMP-1 in two of six AAA cases.    However, the finding turned out to be trivial, because it was in the third position of the codon, and the encoded amino acid sequence was not changed.  

	In volume 800 of the Annals of the New York Academy of Sciences, our group reported that HLA Class II DR-2 was a candidate locus, based on 10 haplotypes from a minority population in which AAA disease is rare.  DR-2 has now split into two allelic variations, HLA-DR-B1 15 and 16; and the DR-15 allele is still alive as a candidate based on two studies of larger populations; one in Rochester, MN and one in Japan.  Using the more powerful techniques of positional cloning ('reverse approach') and analysis of a large number of sibling pairs, the research group under leadership of Helena Kuivaniemi has confirmed a "hot spot" on the chromosome relevant to   DR-15 (personal communication), but she finds other loci on other chromosomes with even stronger signals.  Thus, scientists working at the most basic levels have been drawn into pursuit of a gene that was hypothesized based on clinical observation of a single patient.  This story is a model of Paradigm 2 at work.  If, and when, these findings come back to the clinical arena as an inexpensive, clinically useful, screening test done on a drop of saliva to detect small AAA's before they pose a risk of death from rupture, this loop will be complete.  

	Paradigm 3.  The author has already warned the clinician/part-time scientist about the perils of getting involved  in an enterprise that gets too close to "pure science"; that is, knowledge for its own sake, instead of in the service of a disease.  Sometimes, however, the urge is irresistible; especially when the work has already been done under cover of disease-related research, and the commitment of additional effort is limited to making some leisure time available for speculations.   

	In discussion of Paradigm 1, the presence of Russell bodies in AAA specimens was mentioned.  Brophy had purified Ig from AAA specimens in the late 1980's, and we knew that the amount of  Ig/mg tissue was several fold more abundant in AAA than in AOD.    In 1995 Anita Gregory took advantage of this ready source of AAA-Ig and began experiments to use it as a probe for detecting histological elements of the aortic wall that had protein constituents that were immunoreactive with AAA-Ig.  If detected, such proteins would be candidate autoantigens, as we were coming to the point of view that AAA was an autoimmune disease of maturity like rheumatoid arthritis.   The histological element that was strongly immunoreactive with AAA-Ig was an adventitial microfibril.  We assumed that it was an elastin-associated microfibril, because the microfibrillar glycoproteins that were known at the time, like MAGP-1 and fibrillin, were elastin-associated.  However, David Chew showed that our immunoreactive microfibril co-distributed with the collagen microfibril, in the Elastin Von-Geisen histochemical reaction.  Thus, ours was a collagen-associated microfibrillar protein.  Western immunoblots probed with AAA-Ig showed that there was an immunoreactive band in a soluble extract of aortic tissue under reducing conditions with an apparent MW of approximately 40-kDa.  Accordingly, we named it Aneurysm Associated Antigen Protein-40 (AAAP-40).  Some sequences of tryptic peptides from AAAP-40 could be aligned intuitively with a sequence from MAGP-1, except that AAAP-40 had a dipeptide insert not seen in MAGP-1.   

	An antibody was raised in rabbit against a synthetic oligopeptide containing the unique region of AAAP-40 with the dipeptide insert.   The rabbit antibody was immunoreactive  with the aortic adventitial collagen-associated microfibril.  Immunoreactivity was not observed in other tissues, so we began to reference AAAP-40 as an Aorta-Specific Antigenic Protein (ASAP).  However, further studies have shown that this attribution was not exactly correct; because AAAP-40 has a subregional distribution in the arterial tree.  It is detectable in the common and internal iliac arteries and in the popliteal artery.  These segments arise like aorta from an embryological anlage that appears to be ancestral to the vessels that are aneurysm-prone. AAAP-40 is not detectable in the external iliac artery, which has a different anlage and is also aneurysm-"proof", in other words, resistant.  AAAP-40 remains an ASAP, in the sense of an "Artery"-specific antigenic protein; but it is not "aorta"-specific.   These subtleties may not be unimportant.   If different segments of the arterial tree have antigens that are segment-specific, it might explain why aneurysmal diseases affect some arteries in some patients in other arteries in others.  That is to say, that there may be molecular explanations for the clinical variability of the aneurysm phenotype.  This outcome would not only be important in vascular biology, but it would have broader implications for the whole field of developmental
biology.  

 	A final implication relevant to Paradigm 3 is that this little bit of vascular biology might touch on the boundary of the huge field of evolutionary molecular biology in general.  The likely number of genes in the genome has been disputed for a long time, possibly because the same genomic sequence may be used to encode several different proteins, with different functions,  related to the tissue in which they are expressed, depending on the possibility of tissue-specific usage of alternative splicing events and shifts in reading frame.  We have reported the partial sequence of a precursor mRNA, with the curious feature that the C-terminal region has similarities with the other proteins discussed in these paragraphs (AAAP-40 and MAGP-1); while the N-terminal domain highly resembles the variable region of an Ig-kappa light chain.  The C-terminal domain also has an RGE sequence.  Rabbit antibody raised against a hypothetical amino acid sequence of this clone, that is unique among sequences reported in GenBank, is immunoreactive with the aortic adventitial microfibril.  It also has a subregional distribution in the arterial tree that is similar to AAAP-40, but even more limited (aorta-iliac segment only).   Because its N-terminal domain models as an Ig, we hypothesized that this region might serve a function like cell signaling.  Thus, we have called it putative Matrix Cell Adhesion Molecule -1 (MatCAM-1).  

	When the working draft of the human genome project recently entered the public domain, it became possible for us to search for the origin of MatCAM-1 among genomic sequences.  The C-terminal domain is from a large gene called NPC, for nasopharyngocarcinoma gene; and NPC includes several junctional and one constant region for an Ig light chain.  The sequence for the C-terminal region of MatCAM-1 arises through a rearrangement of the so-called constant region of the Ig-like domain of NPC.  If a tissue specific splicing event set the Ig-like molecule free from some primordial cell, one might would have a circulating immunoglobulin in serum; and the cell might be the progenitor/founder of B-cell lines.   If such a splicing event in an even more primitive cell left the RGE sequence attached, one might have a member of the Mat-CAM family; and the cell might be the progenitor/founder of a tissue-specific line of fibroblasts.  Thus, the genes that provide the diversity of soluble immunity (which appeared rather suddenly in evolution), may have evolved more slowly over millions of years in connection with functions that are more primitive, like matrix-cell adhesion processes.

Conclusion  

	This symposium has taken the theme that trafficking back and forth between the bedside and the bench is good.   And I am an enthusiast for that proposition .  The clinican alone cannot do it; and the scientist alone does not understand the problems that arise at the  bedside level, where clinical facts beg for molecular explanations.  Only the clinican/scientist can provide a two-way conduit.  But, for bidirectional flow to occur in a single conduit, laminar conditions will never apply, as there will be turbulence and boundary layer separations as the flow surfaces interact.  No wonder the surgeon/scientist sometimes looks baffled and confused, as the stereotypic prototypes of his conflicting alter egos are running stay-resident  programs that deliver two messages at once:   "Sometimes wrong, but never be in doubt" - and -  "Usually right, but always in doubt."  Perhaps,  the only way for the aspiring clinician/scientist to prepare is develop a sense of self-awareness of this irreconcilable conflict; so that the two hats can be swapped out quickly, without tying up too much RAM, that stays resident using CPU resources in the background but just loafing.

