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INTRODUCTION 

On Mar.  25, 26, and 27, 1974, an invited Con- 
ference on Frontiers in Inflammatory Bowel 
Disease (IBD) was held in Houston, Texas, un- 

From the Department of Pathology and Anatomy and 
Division of Gastroenterology and Internal Medicine and 
the Section of Publications; Mayo Clinic and Mayo Foun- 
dation, Rochester, Minnesota. 

Held at the Houston Oaks Hotel, Houston, Texas, 
March 25, 26, and 27, 1974. 

Dr. Shephard's present address is the Canadian Medical 
Association, Box 8650, Ottawa, Ontario K1G 0G8, Can- 
ada. 

Address for reprint requests: Dr. Roy G. Shorter, Mayo 
Clinic, Rochester, Minnesota 55901. 

der the auspices of the McReynolds Founda- 
tion. The meeting was suggested by Mr. Bland 
McReynolds and its intent was to provide a fo- 
rum for ideas on directions for future investiga- 
tive efforts in this enigmatic field. Those attend- 
ing were Drs. Roy Shorter (Mayo Clinic) 
(chairman), John  Bartlett (UCLA), Alan Hof- 
mann (Mayo Clinic), Henry Janowitz  (Mount 
Sinai, New York), Fred Kern, Jr .  (University of 
Colorado), Joseph Kirsner (University of Chi- 
cago), Sumner Kraft (University of Chicago), 
AI Mendeloff (Johns Hopkins), Sidney Phillips 
(Mayo Clinic), Paul Sherlock (Memorial 
Sloan-Kettering), John Singleton (University of 
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Colorado), John  Stobo (Mayo Clinic), Keith 
Taylor (Stanford), Walt Thayer,  .Jr., (Brown 
University), David Watson (University of Cali- 
fornia, Davis), and David Shephard (Mayo 
Clinic) (editor). Each participant had been re- 
quested to speak on a particular topic and also 
to moderate a period of discussion, except for 
Fred Kern, Jr.,  whose role was to present an 
overall critique. Discussion, however, was not 
limited to the intervals between formal presen- 
tations; indeed, the freedom that the partici- 
pants felt in contributing to a free-ranging and 
spontaneous discussion was a decidedly con- 
structive aspect of the Conference. 

The purpose of this communication is to 
present an edited version of the proceedings. 

E P I D E M I O L O G I C  F R O N T I E R S  

The first speaker, Mendeloff, presented some 
considerations for future epidemiologic studies 
and commenced by defining some of the dimen- 
sions of the problem. First, he raised the ques- 
tion as to whether there are many cases of IBD 
that are never seen by physicians. With respect 
to chronic ulcerative colitis (CUC), data from 
Danish sources suggest that 75% of cases are 
definitely diagnosed within the first 3 years of 
symptoms and that the other 25% are correctly 
diagnosed over the lengthy period of 4 to 30 
years. With Crohn's  disease, the problem is dif- 
ferent: definite evidence of this disorder has 
been noted in patients in their 70's and 80's 
who have had no symptoms due to it and, occa- 
sionally, as established by autopsy in patients 
dying of other causes. Second, assuming that 
one could make the diagnosis in the earliest 
stages--as, for example, by colonoscopy or 
some biochemical test--Mendeloff  asked what 
kind of agreement one might expect from physi- 
cians on such standards for diagnosis. He em- 
phasized that, unless there are uniform stand- 
ards for diagnosis, it is impossible to determine 
incidence, prevalence, or trends for the entire 
disease spectrum. This point was stressed later 
by Kirsner, not only in regard to epidemiologic 

studies in IBD but also in many other investi- 
gational areas. 

Mendeloff went on to suggest that in-depth 
investigations of the incidence and prevalence of 
IBD he carried out in population groups that 
vary greatly in dietary habits, social norms, as- 
sociated diseases, or ways of living. He recom- 
mended that studies be made of the disease in 
Mormons, Seventh-Day Adventists, Christian 
Scientists, Amerindians, and Jews in different 
societies, because these might be expected to 
yield some etiologic clues. However, studies of 
this kind would be extraordinarily expensive 
and would have to make use of routine diagnos- 
tic measures applied equally to every person in 
each group. Mendeloff also suggested that se- 
rologic tests for amebiasis (HIA) be included 
routinely, but for Crohn's  disease of the small 
bowel he raised the query as to what can be 
used besides roentgenograms, which are eth- 
ically undesirable among younger patients. 
This question remains unanswered but an an- 
swer must be found if these epidemiologic stud- 
ies are to be contributory. 

Mendeloff stressed the merit of family studies 
but raised the point that the main problems in 
the past have been those of poorly selected con- 
trois, lack of common denominators, and ab- 
sence of rates. What is needed is a complete in- 
vestigation of all first-degree relatives. 
Mendeloff pointed out that his studies of 45 
families in the Baltimore area have suffered 
from these defects; he has studied no really 
large families--that is, families with many un- 
involved siblings or relatives--in which he has 
been able to complete even a simplified study of 
42 genetic markers in one blood sample from 
each member of the family. Furthermore, he 
has been unable to follow up those previously 
unaffected family members who may now have 
IBD. These limitations have been largely finan- 
cial. Thus, there seems to be no alternative to a 
national, collaborative, prospective family 
study. One would need 300 index cases of each 
type of IBD, with full investigations of all first- 
degree relatives at risk, over a 10-year period, 
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with monitoring every 6 months. What would 
one evaluate? Aside from specific endoscopic or 
radiologic diagnostic methodology, one would 
need to consider various hypotheses, including 
those relating to immunologic factors (eg, T and 
B lymphoeytes and immunoglobulins), hormo- 
nal factors, serum bile acids, occupational fac- 
tors, exposure to radiation from x-rays or other 
sources, precise dietary intake, and family hab- 
its. 

Such a study should relate hospital dis- 
charges to a known population at risk. This 
study could be combined with a study of secon- 
dary diagnoses in patients with IBD; these 
would include ankylosing spondylitis, aphthous 
ulceration, various skin diseases, and other cur- 
rently recognized extraintestinal complications. 
A wider epidemiologic net might lead to the rec- 
ognition of current ly  unrecognized com- 
plications of IBD. 

M I C R O B I O L O G I C  F R O N T I E R S  

The attention of the Conference then turned 
to microbiologic aspects. Regarding future mi- 
crobial studies in IBD, with particular refer- 
ence to searching further for evidence to support 
a microbial etiology, Bartlett presented ideas 
that have been developed by him and his col- 
league, Gorbach. In his introduction, he stated 
that IBD involves mucosal surfaces that harbor 
luxuriant microbial populations. Histologic 
studies of these conditions show changes analo- 
gous to infections caused by established path- 
ogens; namely, Crohn's disease simulating tu- 
berculosis, and ulcerative colitis resembling 
bacillary dysentery. Thus, a microbial et!ology 
is certainly attractive. Despite this logic, a spe- 
cific pathogen has escaped detection after more 
than 50 years of investigation. 

With respect to Crohn's disease, the gran- 
ulomatous tissue reaction and abnormalities of 
delayed hypersensitivity suggest that a myco- 
bacterium or a related agent might be involved. 
Although attempts to culture such an organism 
have been unsuccessful, the possible etiologic 

role of an organism is not necessarily excluded. 
The situation may be comparable to that of lep- 
rosy or syphilis, in which the established path- 
ogen simply cannot be recovered in artificial 
media. 

The most suggestive evidence for a microbial 
etiology in Crohn's disease has resulted from 
studies by Mitchell and Rees (1). These au- 
thors, whose work was stimulated by their pre- 
vious demonstration of a transmissible agent in 
sarcoidosis, postulated a mechanism common to 
both conditions on the basis of similar histologic 
findings, immune status, and Kveim test reac- 
tions. The model they used was the mouse foot- 
pad, which had previously proved successful for 
passage of Mycobacterium leprae. Presumably, 
the low temperature in the footpad favors 
growth of the leprosy bacillus. Injection of nasal 
washings from patients with leprosy produces 
slowly evolving lesions in the footpad, with evi- 
dence of granulomas after 6 months to 2 years. 
The reaction is enhanced if mice are rendered 
immunologically deficient by thymectomy and 
irradiation. 

Using this protocol, Mitchell and Rees in- 
jected footpads of mice with cell-free extracts of 
diseased ileum and draining mesenteric lymph 
nodes obtained from a patient with Crohn's dis- 
ease. Both normal mice and immunologically 
compromised mice were tested. Granulomas 
composed principally of epithelioid cells with 
occasional giant cells of Langhans type were 
noted in 5 of 8 biopsies obtained after 26 to 46 
days. At 169 to 500 days, 8 of 48 footpads 
showed these same changes. Positive results of 
the Kveim testing were also observed fre- 
quently, and small-bowel granulomas occurred 
in 2 of 10 mice; both the Kveim reaction and the 
distant granulomas occurred in mice with posi- 
tive footpad tests. Cave and associates (2) pro- 
duced small-bowel granulomas, by inoculating 
Crohn's disease directly into rabbit ileum. No 
abnormality was noted using ileal homogenates 
from normal controls. 

Despite the suggestive nature of these studies, 
several inconsistencies remain unanswered. For 
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example, footpad inoculation with lymph-node 
homogenates obtained from persons without 
bowel disease also produced a granulomatous 
reaction, even though there was only a single 
positive result in 153 trials (1). Thus, though 
less common in controls, the reaction could not 
be considered necessarily specific for the 
"agent" of Crohn's disease. Moreover, the con- 
trols used by Mitchell and Rees consisted exclu- 
sively of lymph-node homogenates rather than 
of normal bowel specimens. It is possible that 
the footpad reaction to these two tissue sources 
is quite different. Another curiosity is that, in 
contrast to the transmission of the leprosy ba- 
cillus, more granulomas were noted in normal 
mice than in those that were immunologically 
deficient. This finding suggests a hyper- 
sensitivity of foreign-body reaction, rather than 
infection. The consistent failure of Mitchell and 
Rees to observe microorganisms micro- 
scopically also is disturbing. Finally, these foot- 
pad studies could not he reproduced by Bolton 
and associates (3), who worked with diseased 
bowel obtained from 7 patients with regional 
ileitis. In this study, 711 inoculation sites failed 
to reveal a single sarcoidlike granuloma. How- 
ever, several foreign-body reactions were ob- 
served with homogenates from both patients 
with Crohn's disease and controls, and these 
were ascribed to injection of heterologous tissue. 
Bolton and associates noted that the previous 
work by Mitchell and Rees was based on mate- 
rial obtained from only a single patient. They 
concluded that, if there is a transmissible agent 
in Crohn's disease, it is not universally present. 

Although the studies of Mitchell and Rees 
provide no definite answers, they do serve to 
emphasize that unorthodox culture techniques 
possibly will be required to isolate what may be 
a highly fastidious agent in Crohn's disease. 

More extensive studies in pursuit of a micro- 
bial pathogen have been performed in con- 
nection with ulcerative colitis. Bargen (4) was 
one of the first to suggest a bacterial etiology 
when he isolated a "diplostreptococcus" from 
the feces of patients with CUC. Intravenous 

challenge with this "diplostreptococcus" in rab- 
bits caused colonic ulceration and bloody mu- 
coid diarrhea, and Bargen concluded that the 
pathogen of CUC had been identified. How- 
ever, other investigators observed that similar 
bacteria also produced these lesions in experi- 
mental animals. The theory became invalidated 
with the recognition of the variability of the bio- 
chemical characteristics of diplostreptococcus; 
the term actually represented multiple species 
of Gram-positive cocci found in the normal co- 
lonic flora. 

Shigella also had its day in court (5-7). The 
similar pathologic features of CUC and bacil- 
lary dysentery suggested a common etiologic 
mechanism. However, most patients with CUC 
do not harbor Shigella, and therapy directed at 
this organism in patients with CUC is ineffec- 
tual. Moreover, the recent decline in incidence 
of shigellosis in the United States and Europe 
has not been accompanied by a reduction in 
CUC. 

In 1941, Dragstedt and colleagues (8) pro- 
posed another potential culprit: Bacterium 
necrophorum. This organism has taken a cir- 
cuitous route through bacterial taxonomy, 
being subsequently reclassified as Bacteroides 
funduliformis, Sphaerophorus necrophorus, 
and, most recently, Fusobacterium necropho- 
rum. Present taxonomic criteria are based on a 
number of biochemical tests and analysis of 
metabolic products by gas-liquid chromatog- 
raphy (9). These techniques were not available 
to earlier workers and it is uncertain in retro- 
spect that they were working with a single 
bacterial species. More importantly, Fusobac- 
terium necrophorum is now recognized as a 
normal component of the flora in both the in- 
testinal tract and the oropharynx. Although 
subcutaneous inoculation with this organism 
produces abscesses, it fails to reproduce the 
bowel lesions of CUC in experimental animals. 

After dismissing any current significance for 
Entamoeba histolytica in IBD, Bartlett stressed 
that Escherichia coli has also attracted atten- 
tion, particularly in light of recent observations 
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that some strains are capable of penetrating the 
large-bowel mucosa, thus producing bacillary 
dysentery (10). Cooke (11) has shown that cer- 
tain E. coil strains in stools of patients with co- 
litis produce necrotoxins, hemolysins, or entero- 
toxins. Such organisms were less frequently 
encountered in healthy controls. Increased titers 
of E. coli antibody have been noted in patients 
with CUC (12, 13), though this may be a non- 
specific effect related to the more frequent oc- 
currence of portal bacteremia in inflammatory 
bowel diseases in general (13). Because the E. 
coli strains are susceptible to a number of anti- 
biotics, we would expect a good clinical re- 
sponse to these drugs; but, unfortunately, anti- 
biotics do not generally alter the course of 
CUC (14). Moreover, enterotoxic E. coli orga- 
nisms produce an acute disease without the 
tendency to chronicity and relapse that is so 
characteristic of CUC. 

All of these searches for a specific agent in 
CUC can be succinctly summarized in the con- 
clusion that none have survived critical analysis. 
In particular, Koch's postulates have not been 
satisfied. Perhaps even more compelling is the 
evidence that many of the suggested agents 
cause acute self-limited diseases in man. In con- 
trast, a characteristic hallmark of CUC is its 
self-perpetuating nature with periodic relapses. 

Bartlett then proceeded to elaborate on an- 
other approach to the role of bacteria in IBD: 
the suggestion that an imbalance of intestinal 
microflora or intestinal "dysbiosis" contributes 
to the pathologic events. The microbial ecology 
of the bowel is generally undisturbed in mild 
cases of idiopathic CUC, but the number of coli- 
forms does increase when symptoms are se- 
vere (15-17). However, similar alterations have 
also been noted in shigellosis, cholera, amebic 
dysentery, nonspecific diarrhea, traveler's 
diarrhea, diarrhea induced by isotonic purges, 
and hypolactasia in subjects fed lactose (18). 
Actually, three characteristic floral changes are 
common to all these conditions: (1) an increase 
in certain coliforms that are relatively uncom- 
mon in the normal flora, (2) a decrease in the 

concentrations of obligate anaerobes to the ex- 
tent that anaerobic counts are actually smaller 
than aerobic counts, and (3) possible con- 
tamination of the upper small bowel with fecal 
flora. It would appear that these changes result 
from the nonspecific effects of diarrhea itself 
and that they cannot be implicated in the path- 
ogenesis of any of these conditions. 

Similarly, abnormalities in the small-bowel 
flora have been noted in approximately one- 
third of patients with regional enteritis, but the 
changes are largely determined by the anatomic 
features of the disease (19-22). The upper in- 
testine harbors increased total counts, with a 
predominance of coliforms and anaerobes in 
patients with stasis or loss of the ileocecal valve. 
The small-bowel flora in patients with Crohn's  
disease who have normal intestinal motility and 
an intact valve is similar to that of normal per- 
sons. This illustrates the care that must be 
taken in interpreting floral studies of IBD. The 
changes appear to be secondary to the disease 
process rather than causally related. 

One factor that suggests that bacteria do not 
play an important role in IBD is the observa- 
tion that antimicrobial agents fail to alter the 
course of events in the absence of septic com- 
plications (14). An exception is salicylazosulfa- 
pyridine (SAS) (Azulfidine), which, after over 
30 years of use in CUC, has survived the test of 
time and has an apparently well-established 
clinical efficacy (23-26). The chemical struc- 
ture of SAS is a sulfonamide moiety linked by 
an azo bond to 5-aminosalicylic acid. Although 
the precise mechanism of action of this agent re- 
mains obscure, two possible mechanisms should 
be considered. The first mechanism is related to 
the initial belief that the sulfonamide sup- 
pressed the microbial flora and the azo bond 
promoted affinity to the intestinal wall (27). 
These claims may no longer be valid. Studies of 
the intestinal flora of normal persons and of 
patients with CUC receiving SAS show mini- 
mal changes in total counts of major iso- 
lates (17, 28). However, this work cannot be 
considered conclusive because subtle floral 
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changes would not have been detected by the 
culture techniques used. The second mechanism 
is suggested by recent pharmacokinetic studies. 
It appears that the intestinal microflora reduces 
the azo bond, thereby releasing 5-aminosalicylic 
acid and sulfapyridine(29). The question, 
therefore, is which metabolite is responsible for 
the effect: is it the antibacterial activity of the 
sulfonamide or the antiinflammatory activity of 
the salicylate? Most authorities now favor the 
latter mechanism. 

In considering future studies for specific 
pathogens in IBD, Bartlett emphasized that, 
despite previous failures, the possibility of mi- 
crobial factors in the etiology of IBD cannot be 
discounted. In previous floral studies, only a 
small fraction of bacteria evident on Gram 
staining could be recovered in culture; the other 
morphologic forms were presumed to be non- 
viable. Recent use of sophisticated anaerobic 
culture methods has made it possible to isolate 
essentially all of the bacteria seen under the mi- 
croscope (5, 30). Many of these organisms are 
extremely oxygen-sensitive (EOS) anaerobes, 
an appellation derived from their inability to 
survive exposure to air for even 10 minutes. Ex- 
amples include Eubacterium aerofaciens, Bi- 
fidobacterium adolescentes, certain strains of B. 
fragilis, some peptostreptococci, and spiro- 
chetes (30). In concert with the improved cul- 
ture techniques, there have been ma:jor ad- 
vances in bacterial taxonomy. For example, the 
organisms that were once merely lumped to- 
gether as "Bacteroides" have now been divided 
into separate genera, species, and even sub- 
species according to well-defined criteria. Re- 
cent studies suggest that 300 to 400 different 
bacterial types are present in a single fecal spec- 
imen(31). There are important differences 
among these organisms in terms of metabolic 
activity and pathogenic potential. For example, 
it is now well established that many of the bac- 
teria found as part of the normal colonic flora 
are conspicuously absent from septic processes 
that complicate bowel disruption (32). It is cu- 
rious that, despite the complexity of the in- 

oculum associated with a ruptured appendix or 
perforated colon, an average of only five micro- 
bial species can be recovered from the ensuing 
peritonitis exudate or intraabdominal ab- 
scess (33). There even appear to be variations in 
pathogenic potential within a bacterial species. 
B. fragilis, the dominant colonic bacterium, has 
recently been accorded five subspecies; the sub- 
species that prevail in the indigenous flora are 
not the same as those found in clinical infec- 
tions (34). 

These observations indicate that subtle differ- 
ences in the flora may easily escape detection 
and that the bacteriologic methods used in ear- 
lier studies must now be considered antiquated 
in light of modern taxonomic and technologic 
approaches. 

An additional point of interest with regard to 
the intestinal flora concerns mucosal-associated 
bacteria. The lumen of the gut harbors a dy- 
namic ecosystem of stable bacterial populations 
with specific anatomic localization. There are 
characteristic variations in cross-sectional ar- 
rangement and in longitudinal distribution. 
Certain microorganisms are associated directly 
with the mucosal epithelium. These have been 
most extensively studied in animals other than 
man (35-39). Specially stained histologic sec- 
tions of rodent colon show large anaerobic fusi- 
forms forming thick layers that occupy the en- 
tire mucin layer (37). These organisms are 
packed densely in concentrations of 101~ 
g. Their ends are fixed in the mucous layer but 
there is no evidence of epithelial penetration. At 
the bases of the intestinal crypts, there is a ho- 
mogeneous population of thin, motile spiral or- 
ganisms that vary morphologically according to 
the level of bowel sampled. Both the fusiforms 
and spiral forms have been observed at similar 
locations in the large bowel of dogs as well (39). 
Few of these organisms are in the lumen of the 
gut or in the feces. 

Mucosal-associated bacteria in the normal 
human intestine and their possible role in dis- 
eases have not been studied; such investigations 
are needed. These organisms are of interest be- 
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cause of their intimate relationship with the 
epithelial surface. 

Nonbacterial components of the intestinal 
flora must also be considered. Viruses have been 
recovered from the intestine in up to 35% of 
normal persons (40). These are generally enter- 
oviruses, though reoviruses, adenoviruses, and 
rhinoviruses occasionally may also be present. 
The significance of these isolates from normal 
persons and the role of viruses in many in- 
testinal disorders have not been elucidated. Ex- 
perimental attempts to produce CUC with fil- 
trates of feces and rectal mucosa obtained from 
affected patients have been (msuccessful (41). 
On the  o t h e r  h a n d ,  h igh  t i t e r s  of cy- 
tomegalovirus (CMV) antibody have been 
noted in some patients with CUC. This effect is 
apparently unrelated to the duration of illness, 
therapy with steroids, or previous blood trans- 
fusions. CMV has also been isolated from the 
colonic mucosa in three of six patients with 
CUC compared with none of six controls (42). 
These findings must be interpreted with re- 
serve, because the denuded bowel surface may 
simply represent an excellent culture medium 
for this virus. Furthermore, the pathologic 
changes and clinical presentation of IBD are 
distinctly unusual in terms of a viral infection. 
Similar ambiguities relate to the roles of pro- 
tozoa, parasites, or mycoplasma. 

In summary, the previous work in search of 
the "pathogen" in IBD has failed clearly to im- 
plicate a single microbe, but it has also been in- 
adequate to exclude the infinitesimal possi- 
bilities. At the same time, a precautionary 
statement should be made concerning future 
studies of the bowel flora in these conditions. 
Qualitative and quantitative determination of 
all bacterial components according to the pre- 
viously cited guidelines may require up to one 
year for complete analysis of a single specimen. 
This herculean effort is difficult to justify with- 
out more direct evidence that such an approach 
is likely to be rewarding. 

A more logical way of studying the role of mi- 
croorganisms is to approach the disease from a 

common underlying denominator: penetration 
of the intestinal epithelium. Under normal con- 
ditions, the mucosal surface acts as a barrier to 
invasion. Because the integrity of the epithelial 
lining could be disrupted by a number of fac- 
tors, such epithelial penetration would merely 
serve as the initial step in a chain reaction of 
pathologic events. 

Bacteria themselves may be responsible for 
the initial lesion. Salmonella, Shigella, Enta- 
moeba histolytica, penetrating E. coli, Yersinia 
enterocolytica, and Balantidium coli are all ca- 
pable of invading the intestinal epithelium. 

Alternatively, invasion may result from for- 
mation of bacterial products. The lower in- 
testinal tract is the site of intensive microbial ac- 
tivity that serves to control growth, maintain a 
low degree of oxygen reduction, and preserve a 
constant pH. The result is a stable resident pop- 
ulation with resistance to implantation by cer- 
tain pathogens (43, 44). However, some meta- 
bolic products of bacterial activity may be 
potentially injurious to the intestinal mucosa. 
For example, anaerobic microorganisms con- 
vert carbohydrates into short-chain organic 
acids. Metabolites such as acetic, butyric, and 
propionic acids are known irritants and may 
potentiate pathologic conditions. An analogous 
situation is the association of a common skin 
bacterium, Propionibacterium acnes, and the 
disease, acne vulgaris. This organism colonizes 
the sebaceous glands and produces large quan- 
tities of propionic acid. Comedones result from 
the inflammatory response to propionic acid 
rather than from any inherent invasive proper- 
ties of the responsible bacterium. Similar short- 
chain fatty acids are present in the colon al- 
though their role in diseases at this location is 
unknown. 

Endogenous constituents of microorganisms 
may also damage the intestinal mucosa. The 
wall of all Gram-negative bacteria, including 
Bacteroides species as well as coliforms, con- 
tains lipopolysaccharide (endotoxin). The mo- 
lecular weight of this material is extremely 
high; it is estimated to exceed 2 million. En- 
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dotoxin may penetrate the intestinal mucosa in 
hypovolemia or septic shock. Bacteremia and 
endotoxemia are also common in ulcerative 
bowel disease (45, 46). Local effects of endo- 
toxin may include the Shwartzman phenome- 
non, resulting in ischemic necrosis and ulcer- 
ations. 

There is evidence that patients with CUC 
have an inordinately high immunologic reactiv- 
ity to another component of bacterial cell-wall 
lipopolysaccharide: somatic antigen. When a 
heterogenetic antigen from E. coli 0:14 was 
used, sera from patients with CUC were found 
to have high levels of circulating antibody to 
this "common antigen" (12, 13). Increased an- 
tigen-induced reactivity has been demonstrated 
in lymphocytes from patients with CUC (47). 
Furthermore, lymphocytes from such patients 
have been shown to be toxic for colonic cells in 

vitro (48-50). Thus, several immunologic 
mechanisms lead to the production of colonic 
cell damage when triggered by the appropriate 
antigen. 

Another area of considerable interest is bile 
acid metabolism by intestinal bacteria. De- 
conjugated bile acids may alter intestinal epi- 
thelium, an effect noxious enough to implicate 
them in the pathogenesis of bowel cancer (51). 

Disruption of the integrity of the bowel can 
also be induced by drugs. Antibiotics such as 
tetracycline, chloramphenicol, clindamycin, and 
aminoglycoside antibiotics may cause pseudo- 
membranous colitis (52-54). Other drugs such 
as indomethacin and oral potassium prepara- 
tions may also cause intestinal ulceration. De- 
nudation and ulceration of the mucosal surface 
are accompanied by invasion by intraluminal 
bacteria. It is conceivable that less pronounced 
forms of this condition produce only partial or 
superficial ulceration. This would allow pene- 
tration of bacteria or their products into the 
lamina propria without the obvious clinical fea- 
tures of pseudomembranous colitis. 

Recently, there has been interest in carragee- 
nans as a potential  cause of bowel dis- 
ruption (55-59). These gel- or precipitate- 

forming sulfated polysaccharides of high mo- 
lecular weight extracted from "red" seaweed 
are widely used as food additives. Four different 
animal species fed carrageenans developed co- 
litis that was clinically and pathologically sim- 
ilar to idiopathic CUC in humans. The extent 
of disease is dose dependent, and degraded car- 
rageenans have proved more ulcerogenic than 
the parent compounds. Clinically, the disease in 
animals becomes manifest by weight loss, 
anemia, and bloody, mueoid diarrhea. Patho- 
logic studies of the colon indicate that the le- 
sions range from shallow mucosal erosions to 
deep ulcerations with cellular infiltrates, granu- 
lation tissue in the lamina propria, and multiple 
crypt abscesses. Other sulfated products with 
high molecular weights may produce similar 
colonic lesions in experimental animals. 

Several possible mechanisms have been sug- 
gested to account for a violation of the colonic 
epithelial barrier. These include bacterial in- 
vasion, formation of bacterial products, immu- 
nologic activity, and use of various drugs or 
chemicals. As already emphasized, this may 
simply represent the initial insult that permits 
invasion of the normal colonic flora. Several 
mechanisms that are independent of the process 
causing penetration may then cause self-sus- 
tained disease. Having gained entry, the colonic 
flora could then be responsible for chronic dis- 
ease through the action of irritating metabolic 
products,  an t igen-an t ibody  complexes, a 
Shwartzman reaction, or lymphocyte-mediated 
cytotoxicity. 

S I G N I F I C A N C E  OF THE  F E C A L  S T R E A M  

Pursuant to Bartlett's presentation, Phillips 
presented his ideas on the possible pathophysio- 
logic significance of the fecal stream to IBD. He 
suggested that the thought that a component of 
feces plays a role in the pathogenesis of IBD is a 
seductive one but, like most seductions, is pro- 
voked more by the excitement of the unknown 
than by a rational contemplation of established 
facts. Nevertheless, he perceived several points 
of potential interest to investigators of IBD. 
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As an ecosystem, feces is surpassed in com- 
plexity only perhaps by a cesspool. Known con- 
stituents of feces to be considered include water 
and inorganic materials, components of the diet 
with certain known (and unknown) additives, 
endogenous secretions including exuded pro- 
teins and desquamated cells, and a rich bacte- 
rial flora. As Bartlett emphasized, the fecal 
flora is not an inert colony of bacteria. It com- 
prises a finely balanced array of species, capable 
of extensive enzymic and potentially toxic ef- 
fects. Perhaps of foremost importance are the 
chemical reactions between bacteria and the 
residues of diet and secretory activity. Because 
of the complexities of these chemical events, 
their specifics are largely unknown. 

Major areas in which the fecal stream could 
be relevant to IBD include the following: (1) 
etiology as an initiating, perpetuating, or aggra- 
vating factor, (2) symptoms related to the devel- 
opment of pain, diarrhea, and fistulas, and (3) 
therapy specifically relating to bypass or ex- 
cisional surgery. 

In terms of etiology, thousands of chemical 
substances are added to food consumed by 
people in Western countries. Although particu- 
late matter such as silica and talc can produce 
granulomas in experimental preparations of in- 
testine, we have no strong clues as to any path- 
ogenic role of foreign material. What normal 
constituents of intestinal content might cause 
mucosal damage? There is good evidence that 
dihydroxy bile acids alter the mucosal structure 
of the j e junum and ileum in small ani- 
mals (60, 61). When the hamster jeiunum is 
perfused with dihydroxy bile acids, cytologic 
changes are produced at the tips of villi; when 
these are most pronounced, the mucosal damage 
progresses to a shedding of epithelial  
cells (60, 61). Simultaneously, mucosal function 
changes. Fluid absorption decreases and net 
fluid secretion is stimulated. However, there is 
little correlation between morphology and func- 
tional change. The possibility that uncon- 
jugated dihydroxy bile acids might alter ileal 
morphologic features in man is not unreason- 

able. In the blind-loop syndrome, concentra- 
tions of unconiugated bile acids in the bowel lu- 
men are increased (62) and mucosal histology is 
altered (63, 64). Furthermore, even in healthy 
subjects dihydroxy bile acids can be recovered 
from the ileum (65). 

Other constituents of normal feces that are 
known to produce functional (66) and morpho- 
logic (67) changes in ileal mucosa are certain 
long-chain fatty acids. It has been shown that 
dietary fatty acids (oleic acid) and their bacte- 
rial by-products (hydroxystearic acid) modify 
ileal absorptive function (66); and ricinoleic 
acid, the active principle of castor oil, is struc- 
turally quite similar to these fatty acids and can 
be shown to produce morphologic changes in 
intestinal mucosa (67). The argument here is 
less persuasive. Large amounts of fat will be 
found in stools only after bowel disease and 
steatorrhea have developed. However, bacterial 
interaction with the small proportion of dietary 
fat that is normally unabsorbed could lead to 
the formation of unusual hydroxylated fatty 
acids (68, 69) in certain individuals. Might a 
particular hydroxylated fatty acid be especially 
prejudicial to mucosal integrity? 

If a constituent of feces could damage the mu- 
cosa, how might this event relate to IBD? There 
are several possibilities. The proposed agent 
might be a primary factor, actually initiating a 
mucosal lesion. It could potentiate or aggravate 
a histopathologic process begun by another 
stimulus. Some of these possibilities could be 
tested experimentally. However, the transmural 
nature of inflammation in Crohn's disease ar- 
gues against a primary stimulus that acts only 
at the level of the mucosa. 

In terms of the hypothesis of Shorter and as- 
sociates (70), should we be looking for mecha- 
nisms by which mucosal permeability is al- 
tered? Is there a normal mucosal "barrier" to 
certain antigenic molecules, effectively ex- 
cluding them from the gut wall and from in- 
timate contact with immunologically competent 
tissue? Might a constituent of the fecal stream, 
under certain circumstances, alter mucosal per- 
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meability, allowing bacterial or other antigens 
free access to the gut wall ? 

In physiologic terms, the mucosa of the ileum 
and colon is a "t ighter" or more restrictive 
membrane than that of the proximal gut. This 
concept has been expressed in terms of the size 
of "functional pores" in the distal bowel, which 
are smaller than those of the .jejunum (71, 72). 
The morphologic equivalent of functional pores 
is unknown; currently, it is thought that the in- 
tercellular "tight .junction" may not be tight at 
all and that this region of the mucosa might be 
the site of "pores." Could constituents of the fe- 
cal stream alter these permeability character- 
istics, .just as they cause structural and other 
functional alterations? This phenomenon could 
be tested experimentally (73). It has already 
been shown that hydroxy fatty acids increase 
the permeability of colonic mucosa (74). 

Although large molecules, such as intact pro- 
teins, cannot cross the gut mucosa in very large 
quantities, small amounts can take part in such 
transport. Isselbacher's group (75, 76) has 
shown that horseradish peroxidase (HRP) and 
bovine serum albumin transgress the mucosa of 
neonatal and adult rats in small but measurable 
quantities. If these findings apply to man, and if 
the proposal of Shorter and associates (70) has 
validity, any process that facilitates the move- 
ment of intact, foreign proteins across the mu- 
eosa would be of great interest. 

The possible role of bacterial toxins as me- 
diators of mucosal damage requires attention 
but, although the direct effects of invasive bac- 
teria and noninvasive bacterial enterotoxins 
have obvious relevance to IBD, Phillips did not 
pursue this because of Bartlett's earlier consid- 
erations. HoWever, Phillips pointed out that, 
though the production of potential mucosal tox- 
ins by the action of bacterial enzymes on the 
many organic materials that occur in feces 
raises many possibilities, at this stage there is 
no factual basis for such speculation. 

Cl in ica l ly ,  the observa t ions  tha t  most  
strongly suggest at least a potentiating role for 
feces in IBD are those showing a remission of 

Crohn's  colitis following ileal diversion (77). In 
some instances, fever and colonic symptoms re- 
turned when ileal contents were instilled into 
the defunctioned colon. No clear conclusions 
emerge but further observations, at least on 
patients whose bowel has already been diverted, 
seem warranted. It is unfortunate that until 
now, clinical observations on patients under- 
going bypass (with or without exclusion) and 
excisional surgery for regional enteritis have 
been uncontrolled and no conclusions are pos- 
sible. 

In regard to the symptoms of established and 
treated disease, Hofmann and Poley (78) have 
characterized the pathophysiologic features of 
two firms of diarrhea that result from ileal dys- 
function and that relate clearly to the nature of 
fecal contents. Therapeutic programs, aimed at 
altering fecal contents, have also been proposed. 
Other therapeutic implications of the nature of 
gut contents are largely unexplored. Apart from 
differing surgical approaches, elemental diets 
and "intestinal rest" with parenteral nutrition 
have been used, but the uncontrolled nature of 
these observations permits no conclusions. 

Although it is a tempting concept, Phillips 
concluded that currently there are few existing 
data to support a role for the fecal stream in 
IBD. However, recent observations on the ef- 
fects of certain endogenous constituents of feces 
give clues as to a different and potentially fruit- 
ful approach in this investigational area. 

T E S T I N G  O F  I L E A L  F U N C T I O N  

Hofmann complemented Phillips' contribu- 
tion by briefly describing the rational testing of 
ileal function and how this might be applied to 
future investigations in IBD. He began his pre- 
sentation with some restatements that the distal 
ileum is a muscular conduit wherein the sterile 
chyme entering from the more proximal bowel 
begins its transformation into the fecal material 
of the cecum. Its mucosa absorbs electrolytes 
and water, bile acids, and vitamin B12 and pas- 
sively absorbs lipids. The ileum acts as an ion 
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exchanger, exchanging bicarbonate for chloride 
ions. The  ileum secretes immunoglobulins and 
thus influences its own resident flora. The  
ileocecal valve prevents reflux of cecal contents, 
which should contribute to its relatively sterile 
state. 

Rational testing of the distal ileum should as- 
sess its conduit functions, its specific and non- 
specific absorptive functions, its ion-exchange 
functions, its immunoglobulin secretory func- 
tions, and the location and type of its flora. It 
should also assess macroscopic and microscopic 
structure as well as the structural enzymes con- 
cerned with its specific function. 

With respect to conduit function, partly di- 
gested food passes rapidly through the ileum 
into the colon when a meal is digested. The  time 
required for bile acids to pass from the gallblad- 
der to the site of active absorption may be esti- 
mated by ileal perfusion techniques (79) or may 
be inferred by the time required for serum bile 
acids to reach a peak after a meal (80). The  two 
techniques give similar results: about 90-110 
minutes after a meal, a load of bile acids reaches 
a site where the load is rapidly absorbed. If 
there is obstruction proximal to the bile acid ab- 
sorptive site, it should be reflected in a delayed 
postprandial rise of serum bile acids. Obviously, 
the best way to assess the conduit or transit 
function of the ileum would be careful roentgen- 
ographic investigation. 

Considering next some specific absorptive 
functions, Hofmann went on to consider first 
the bile acids. Based on in vitro and in vivo 
studies, the terminal ileum has an active trans- 
por t  sys tem for bile acid an ions  (AT-  
SBAA) (81). The  cells possessing the ATSBAA 
have not been identified either morphologically 
or histochemically. Indeed, no marker  enzymes 
have been measured or even proposed. The  AT- 
SBAA has been present in every mammal  
tested, but relatively little phylogenetic explora- 
tion has been conducted. The  ATSBAA trans- 
po r t s  bile acids wi th  a s ingle  nega t ive  
charge (82); bile acid sulfates, with two nega- 
tive charges, are also actively transported by the 
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ileum (83), but it is not known whether the 
same transport  system is involved. Further-  
more, alkyl sulfates also are probably absorbed 
from the ileum; again, it is not known whether 
this absorption is mediated by the ATSBAA. 

The  location of the ATSBAA also has not 
been defined. In animals, it operates in the dis- 
tal one-quarter of the small intestine. In man, it 
is considered to lie close to the ileocecal valve, 
because patients with ileal resections as short as 
50 cm may have symptomatic bile acid malab- 
sorption (84). The  capacity of the ATSBAA is 
quite large. It probably can absorb 2-3 g of bile 
acids per hour (85). As a consequence, the bile 
acid pool is conserved with extraordinary effi- 
c i e n c y - a b o u t  95% per cycle (86) or 70~ per 
day (87). 

Various methods have been proposed for as- 
sessing bile acid absorption. The  simplest ap- 
proach is to label the bile acid pool with a bile 
acid tag in the steroid moiety (85, 88, 89). One 
measures fecal excretion of radioactivity during 
some subsequent time interval, usually 24 
hours. If one does this in patients with terminal 
ileal resections of 50 cm or more, one generally 
finds that 50-100~ of the label will be excreted 
in 24 hours. In healthy subjects, less than 10% 
is recovered. This striking difference suggests 
that a sensitive, specific test is available. How-  
ever, in fact, the clear separation is deceptive. A 
major factor responsible for the difference be- 
tween the two groups is transit time in the 
colon. In patients with bile acid malabsorption, 
the bile acids passing into the colon appear  to 
induce water secretion, causing rapid colonic 
emptying (90), so that all bile acids passing into 
the colon are excreted during the subsequent 24 
hours. In healthy subjects, about 30~ of the la- 
bel will enter the colon in 24 hours, but colonic 
emptying is so slow that little label is excreted 
during the 24 hours following administration. 

The  obvious way to correct for the colonic 
emptying rate is to give a nonabsorbable 
marker when the labeled bile acid is given par-  
enterally (85, 91). In patients with bile acid 
malabsorption, one recovers both bile acid r a -  
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dioactivi ty and marker ;  in pat ients  with 
diarrhea but no ileal disease, one recovers 
nearly all of the marker in 24 hours, but usually 
less than 40~ of the administered bile acids, 
whereas in healthy subjects, one recovers nei- 
ther marker nor bile acid. Thus, a relatively 
simple technique exists for measuring the de- 
gree of absorption of the bile acid pool by giving 
a nonabsorbable marker such as polyethylene 
glycol (PEG) by mouth and a labeled bile acid 
such as ~4C-cholyltaurine intravenously. One 
collects two 12-hour stool specimens and mea- 
sures PEG and radioactivity (92). 

Bile acids indicate their own malabsorption 
by inducing rapid colonic emptying. In Hof- 
mann's experience, no patient with bile acid 
malabsorption has not had some degree of 
diarrhea, that is, a fecal weight exceeding 200 
g/day in a 48-hour collection (85). 

Hofmann stressed that the one defect in this 
approach of labeling the pool is that one mea- 
sures the fraction of the endogenous pool ab- 
sorbed, and the bile acid pool could be dimin- 
ished in cases of severe bile acid malabsorption. 
He considered that the obvious answer to this 
problem would be to give a "swamping" oral 
load of nonradioactive bile acids, but this ap- 
proach has not been seriously explored except 
in two instances (93, 94). What one would like 
to do is to titrate the oral load according to the 
size of the endogenous bile acid pool, but this is 
not practical. 

Instead of using a bile acid label in the steroid 
moiety, one could administer cholylglycine in 
which the carboxyl moiety of the glycine is la- 
beled. In cases of bile acid malabsorption, the 
cholylglycine will pass into the colon. Here the 
glycine moiety is usually liberated by cholyl 
amidase, an enzyme possessed by most colonic 
species. The glycine will then be oxidized to 
CO2, which is absorbed across the colonic wall 
and is excreted in the breath. Breath CO 2 can 
be trapped quantitatively in a mixture of an or- 
ganic base and ethanol by simply blowing into a 
liquid scintillation vial containing this solu- 
tion (89). An indicator is added to signal t o m -  

plete titration of the base with the COy Radio- 
activity is then determined by l iquid- 
scintillation spectrometry to give ~4CO2 specific 
activity, from which the percent dose expired 
per unit time is readily calculated. Thus, in- 
creased 14(;O 2 means increased exposure of bile 
acids to deconjugating bacteria, which in turn 
means either bacterial overgrowth in the small 
intestine or bile acid malabsorption. 

If the glycine moiety is not degraded to 
14CO2--which can happen in patients with 
rapid colonic emptying--the 14C would then 
appear in stool. In our experience (85), as well 
as in that of the Aalborg group (95), patients 
with bile acid malabsorption were uniformly 
found to have increased fecal 14C. In patients 
with increased ~4CO 2 in breath but no increased 
fecal '4C, there is overgrowth of bacteria. 

Obviously, it should be possible to measure 
bile acid absorption by perfusion techniques 
carried out in the distal ileum (86), but experi- 
mentally this is difficult. 

A sensitive radioimmunoassay of bile acids 
has recently been developed (96). This radio- 
immunoassay is specific for conjugates of cholic 
acid (CCA). Using this test, one observes a 
striking postprandial increase in CCA in 
healthy subjects. In patients with bile acid real- 
absorption secondary to ileal resection, there is 
a slight increase after the first meal, a barely de- 
tectable increase after the second, and no detect- 
able increase after the third (80). Thus, a nor- 
mal rise of serum CCA after the evening meal 
appears to exclude bile acid malabsorption. Ap- 
plication of this test to patients with IBD would 
be of interest. 

The second specific active transport system of 
the ileum is that for vitamin B~2. The location of 
this has not been defined well in relation to that 
for bile acid absorption. However, because 
patients in whom a short length of terminal 
ileum has been resected invariably have bile 
acid malabsorption but do not necessarily have 
vitamin B~2 malabsorption, it appears that the 
site of vitamin B~2 absorption is either located 
more proximally in the ileum or extends over a 
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Table 1. Comparison o! Tests of Hepatic and of Ileal Function 

Function 

Property measured Liver Ileum 

Uptake and excretion 

Synthesis 

Biotransformation 

Injury 

BSP removal 
Bilirubin concentration 
Bile acid concentration 

Albumin 
Prothrombin 
Bilirubin conjugation 
Benzoic acid conjugation 
Galactose removal 
Transaminase value 
Peptidase value 

Postprandial serum bile 
acid concentration 

Bile acid absorption 
Fecal bile acid excretion 
Vitamin B~2 absorption 

? 

greater area (85). Whether  the same entero- 
cytes participate in vitamin B12 absorption and 
in bile acid absorption is unknown. 

The  Schilling test is based on the cumulative 
urinary excretion of radioactivity after STCo-la- 
beled vitamin B~2 and intrinsic factor have been 
given orally and then a flushing dose of vitamin 
B~2 has been given parenterally to saturate the 
tissue-binding sites (97). The  Schilling test is 
not a straightforward test of ileal absorptive 
function because bacteria can bind or degrade 
intrinsic factor, decreasing the absorption of vi- 
tamin B~e despite normal ileal absorption. 
Thus,  a positive Schilling test indicates either 
bacterial proliferation or ileal mucosal disease, 
or both. 

Hofmann then proceeded to speculate on the 
ideal test of ileal function. Obviously, a test 
measuring solely ileal absorptive function 
would have to feature a substance totally resis- 
tant to bacterial degradation. The  simplest sub- 
stance to use would appear  to be a bile acid sul- 
fonate, but its synthesis has never been carried 
out, despite the ample precedent for this in the 
literature dealing with detergents (98). 

In concluding his remarks on absorption, 
Hofmann stated his belief that other absorptive 
functions of the ileum are nmch less accessible 
to testing. Obviously water and electrolyte con- 

servation can be measured by perfusion tech- 
niques, as can ion-exchange capacity or passive 
permeability. 

Hofmann then turned to considerations of the 
ileal flora and stressed that the population of 
ileal flora increases sharply as the terminal 
ileum is approached (99). The  present impres- 
sion is that biologic variability is so great that 
quantitative culture techniques would not be re- 
warding if applied to the distal small intestine. 
One could measure the time required for mea l -  
bacteria interaction by two techniques. In the 
first, which has been carried out in a few 
patients, hydrogen in the breath can be mea- 
sured by gas chromatography after ingestion of 
a meal containing a poorly absorbed carbohy- 
drate such as lactose or raffinose (100). In the 
second, which has not been explored, breath 
14CO 2 could be measured after a meal contain- 
ing a n o n a b s o r b a b l e  suga r  t agged  wi th  
~4C (101). Unfortunately, interpretation of the 
results of any such test would probably be diffi- 
cult because of variability in gastric emptying. 

As a final point, Hofmann considered the rel- 
ative merits of ileal versus liver tests. Table  1 
compares hepatic and ileal functional tests; 
there is a paucity of tests for ileal function based 
on similar principles. Clearly, liver tests mea- 
sure excretory capacity, biotransformations, 
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biosynthetic capacity, or specific or nonspecific 
enzymes released after cellular in}ury. Scanning 
techniques are based on uptake by hepatocytes 
or the contiguous Kupffer cells belonging to the 
reticuloendothelial system. In the ileum, tests of 
absorption of bile acids are analogous to tests of 
hepatic excretory function such as BSP; both 
measure net cellular uptake. The  only test giv- 
ing the dynamics of uptake appears to be the 
measurement of postprandial bile acids. Other 
tests such as fecal excretion or radioactivity are 
cumulative. At present, we assign no biotrans- 
formation or synthetic capacities to the ileum. 
No specific enzymes released in ileal iniury 
have been identified and no scanning techniques 
have been proposed. A bile acid tagged with a 
-y-emitting isotope should be a useful scanning 
agent for the ileum, but no work as yet has 
been done along this line. 

Hofmann concluded his remarks by saying 
that tests of ileal function are perhaps irrelevant 
to the diagnosis and to the management and 
monitoring of a patient with IBD. It may be 
that morphologic changes precede and are more 
readily detected than alterations in function or 
biochemical signs of injury. But Hofmann did 
not think so. Clearly, our knowledge of the en- 
zymatic basis for the ileal function is almost 
nonexistent. With inflammatory liver disease, 
the ultimate criterion for disease presence or ac- 
tivity has been the morphologic appearance ob- 
tained by biopsy, which would often indicate 
smoldering disease, despite normal results of 
conventional blood tests for function (eg, BSP) 
or cell injury (eg, S G O T )  (102). But now, re- 
cent data show that bile acid values are superior 
to biopsy findings in predicting which patients 
will have a relapse when therapy is discontin- 
ued (103). Thus,  the insensitivity of current 
tests for ileal disease when these are compared 
to roentgenograms is most simply interpreted as 
indicating that we are not using the right tests. 

Finally, Hofmann defined priorities for ap- 
proaches to the future testing of ileal function. 
First, let us define all the functions of the ileum. 
Does it have a synthetic role? Does it bring 

about biotransformation of endogenous or ex- 
ogenous substances? Let us find enzymes that 
explain its unique transport role. Then let us 
develop an ileal "ba t te ry"  that can be used to 
assess the integrity of ileal function and the re- 
lease of specific signs of ileocyte injury. We 
must study the ileum from the viewpoint of the 
basic scientist rather than from that of the clini- 
cian. 

The  critical question is whether the unique 
physiologic function of the i leum--as  well as its 
unique ecologic location--is  related to the path- 
ogenesis of IBD. Perhaps it is not. But for the 
moment,  we must seek to relate functions to dis- 
ease and look for clinical situations or animal 
models that may suddenly and unexpectedly 
provide the missing piece in the puzzle. 

I M M U N O L O G I C  F R O N T I E R S  

Up to this point in the Conference, some 
speakers had touched on the exciting field of im- 
munologic studies in ]BD and the possible role 
of immune mechanisms in the etiopathogenesis. 
This area now was discussed by four contrib- 
utors: Kraft, Watson, Stobo (with Tomasi) ,  and 
Shorter. 

K r a f t  and  Wa t son  reviewed the current 
status of humoral  and of cell-mediated immu- 
nity, respectively. Since this Conference was 
held, many of the salient features they presented 
have been published elsewhere (104-106), and 
so the full contents of their reviews will not be 
reproduced herein. Kraft concluded that many 
immunologic data are consistent with the im- 
portance of immune phenomena in the etio- 
pathogenesis or the chronicity of ulcerative co- 
litis and Crohn's  colitis. However, he stressed 
that anticolon antibodies may represent a sec- 
o n d a r y  i m m u n o l o g i c  r e sponse  to non- 
immunologic bowel iniury and might have a 
protective or healing role. A clear understand- 
ing is needed of the possible in vivo relation- 
ships between bacterial and colonic antigens be- 
cause of the lack of documentation of specific 
antigen-antibody interaction in the diseased 
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bowel. A greater understanding is also required 
of the possible participation of secretory immu- 
noglobulins, but this must await more precise 
identification of antigens at and near mucosal 
surfaces. In addition, since a hard and fast line 
cannot be drawn between humoral and cell-me- 
diated immunologic studies, some problems of 
interpreting data on cell-mediated immunity in 
patients with IBD may be related to still un- 
available humoral or secretory, immunologic 
data. 

Watson,  in his review of cell-mediated re- 
sponses in patients with IBD, discussed particu- 
larly the cytotoxicity of colitis lymphocytes for 
colonic epithelial cells, which has been investi- 
gated by Perlmann and Broberger (48), Watson 
and his colleagues (49), and, very extensively, 
by Shorter and his group (50, 107-112). Wat- 
son also considered the working hypothesis for 
the etiopathogenesis of IBD developed by 
Shorter and his colleagues (70) as a basis for fu- 
ture investigations. Such studies could be re- 
lated also to suggestions made by Bartlett dur- 
ing the Conference and to ideas expressed by 
other contributors. For these reasons, Watson 
expounded on the hypothesis by stating that it 
rests on two assumpt ions:  (1) CUC and 
Crohn's disease represent parts of the spectrum 
of a single pathogenetic process, and (2) IBD 
results from the establishment of a state of hy- 
persensitivity to bacterial antigens normally 
present in the gastrointestinal tract of the af- 
fected individual. 

The first assumption is based on the follow- 
ing observations: (1) the often merging histo- 
pathologic characteristics of the two disorders, 
(2) their similar distributions of age, sex, ,and 
race, (3) the extraintestinal manifestations 
shared by each, (4) the familial incidence for 
both that is interdependent (113), and (5) their 
common immunologic features (105,106). 

The second assumption can be elaborated by 
restating it in the form of several questions. 
First, what is the nature of the antigen or anti- 
gens participating in this postulated immune 
reaction? In view of the intimate relationship 

between the distal small intestine and colon and 
a more or less fecal type of flora, it is difficult to 
exclude the fecal flora from some role in the 
causation of two disorders largely limited to 
these areas. It seems likely that bacterial anti- 
gens normally gain access to the lymphoid tis- 
sue of the bowel wall and draining lymph nodes 
early in life, perhaps before the normal mucosal 
block to their uptake is established. Indeed, the 
normal development of the gut-associated lym- 
phoid tissue depends on the establishment of a 
bacterial flora because, in the germ-free state, 
lymphocytes and plasma cells are sparsely evi- 
dent in the lamina propria and because Peyer's 
patches are more rudimentary in appear- 
ance (114). In infancy, the uptake of bacterial 
antigens could be augmented by early exposure 
to cow's milk before the normal mucosal block 
develops. It is perhaps significant that there is 
reportedly a higher incidence of early weaning 
to cow's milk in patients with chronic IBD than 
in controls (115). In a similar vein, Staley and 
coworkers (116) have shown that E. coli orga- 
nisms introduced via the stomach into neonatal 
pigs are subsequently demonstrable in the in- 
testinal wall, and there is no theoretical reason 
why this should not also occur in human in- 
fants. The result would be the establishment in 
the gut-associated lymphoid tissues of a state of 
immunity to bacterial antigens. 

The "near-universal" existence of immunity 
to a coliform antigen is suggested by the finding 
that lymphocytes from most normal individuals 
produce macrophage inhibitory factor on ex- 
posure to a phenol water extract of E. coli 
0119:B14 (117). It seems likely, therefore, that 
most people are immunologically primed sub- 
sequently to react to enterobacterial antigens, 
given the proper challenge. However, in this 
hypothesis, only in genetically predisposed indi- 
viduals would such a reaction be potentially 
harmful to the host and thus result in the clini- 
cal manifestation of IBD. 

How might this rechallenge occur? After a 
period varying from a few weeks to many years, 
the normal mucosal block to the uptake of bac- 
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terial antigens could be temporarily lost or im- 
paired as a result of gastroenteritis, bacillary 
dysentery, amebic colitis, local ischemia, or even 
metabolic alterations induced by psychologic 
stress perhaps mediated via the autonomic ner- 
vous system. Although a speculative role for 
psychosomatic factors may be highly con- 
troversial, IBD may follow such infectious proc- 
esses as bacillary dysentery, and a secondary 
peak onset of ulcerative colitis in patients over 
60 years of age suggests the possible in- 
volvement of vascular factors. 

An important question is why all individuals 
thus primed and rechallenged do not develop 
IBD. Individual variations in immune respon- 
siveness to a given antigen are well known but 
ill understood; the clinical picture of allergy 
does not develop in all persons exposed to dif- 
ferent allergens. One factor in this variability is 
undoubtedly genetic. Kirsner and Palmer (14) 
first proposed the concept of individual suscep- 
tibility to the development of IBD on the basis 
of some sort of heritable predisposition. This 
concept is supported by observations concerning 
the ethnic and familial distribution of both 
forms of IBD. Both qualitative and quantitative 
variations in exposure to enterobacterial anti- 
gens also must be considered. The concentra- 
tion and availability for uptake Of potential 
antigens probably vary from individual to 
individual, from one part of the gut to another, 
and from time to time. Further modifying influ- 
ences may be provided by such factors as 
changes in regional blood flow, variations in the 
type and amount of bile salts, and the adiuvant 
action of other luminal constituents such as bac- 
terial endotoxin (118). 

Once sensitization and rechallenge have been 
effected in those genetically predisposed indi- 
viduals, how does tissue damage in the bowel 
(ie, IBD) take place? It seems likely that the in- 
teraction of enterobacterial antigens and sensi- 
tized lymphocytes causes the latter to release 
biologic mediators resulting in inflammatory 
changes. Specificity resides in the release mech- 
anism rather than the activity of the mediators. 

Thus, enterobacterial antigens or related de- 
terminants in colonic epithelial cells interacting 
with specific lymphocyte receptors trigger the 
release of lymphotoxin and the various chem- 
otactic factors, Lympho tox in  acts non- 
specifically, affecting any cell within its range of 
activity. If release of lymphotoxin is triggered 
by antigen-lymphocyte interaction at the muco- 
sal level, a relatively superficial contact type of 
colitis or "backwash ileitis" might be expected 
to occur, whereas if the same sequence of events 
occurs in the submucosa the resulting picture 
might be that of a transmural or granulomatous 
inflammation. Within this hypothesis, when the 
lymphocytes interact primarily with the mem- 
brane-associated antigens of the colonic epithe- 
lial cells, the features of CUC would pre- 
dominate. In contrast, cross-reacting bacterial 
antigens gaining access to the submucosa would 
produce a more productive or even gran- 
ulomatous type of inflammation. Therefore, 
Crohn's disease of the small bowel (or back- 
wash ileitis) might be related to an interaction 
of sensitized lymphocytes with bacterial anti- 
gens at different levels, whereas CUC and 
Crohn's colitis might involve the reaction of 
sensitized lymphocytes to a greater or lesser ex- 
tent with both epithelial cell and bacterial anti- 
gens at different points; thus, the variable and 
often merging pathologic features noted in the 
colon are accounted for. Clinical considerations 
lending support to this concept include the fol- 
lowing: (1) the location of the lesions in more 
than 90~ of cases of Crohn's disease and in all 
cases of CUC in those portions of the gut ex- 
posed to a fecal type of flora---the colon and ter- 
minal ileum; (2) the almost "universal" onset 
of CUC in the distal large bowel, where antigen 
concentrations are likely to be greatest and 
mucosal contact most prolonged; (3) the proxi- 
mal extension of CUC in a contiguous fashion 
relating to the uniform presence of epithelial- 
cell antigens and the possibility that the skip 
areas of Crohn's disease might be due to re- 
gional variations in the uptake of bacterial anti- 
gens; and (4) the postsurgical recurrences of 
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Table 2. Cytotoxicity for AIIogeneic Colonic 
Epithelial Cells of Populations of Mononuclear Cells 

From Patients With Idiopathic Colitis* 

Cell frequency (%) 
in each population 

Cytotox- 
Population T B icity (%) 

Unfractionated 63 .6 i  5.6 22.6• 2.5 27.6 i8.9 
SRBC rosette- 

enriched1- 93.0• 1.4 6.3• 2.1 1,0• 
B-depleted$ 73.7• 12.7:5 6.6 35.2• 
B-enriched:J: 27.8• 68.2:517.6 8.8 i6 .9 
Fc receptor- 

depletedw 75 .0 i  1.0 15.0• 5.0 8.7:~_1.1 
Fc receptor- 

enrichedw 26.0-t: 7.0 48.0• 43.3~:8,5 

*Frequency of T cells in each population was deter- 
mined by quantitating frequency of small round 
cells that bound three or more sheep red blood 
cells (SRBC) to their surface. Frequency of B cells 
was quantitated by noting percentage of small 
round cells positively stained with a fluoresceinated 
antiserum directed against human kappa and 
lambda chains. Cytotoxicity was determined in a 4- 
hour assay with allogeneic colonic epithelia ! cells as 
the target and trypan-Nue exclusion as a measure 
of viability. Results are expressed as arithmetic 
mean =L SE. 

lFractions obtained by sedimenting rosette-forming 
cells over ficolI-Hypaque gradient. 

;Adherent and nonadherent fractions obtained from 
polystyrene Petri dish coated with anti-lg. 

w and nonadherent fractions from polysty- 
rene Petri dish coated with aggregated IgG. 

Crohn's  disease, particularly at anastomotic 
sites, which may well reflect the establishment 
of a fecal type of flora at these sites, as well as 
factors promoting the uptake of bacterial anti- 
gens. 

Within this hypothesis, how may patients 
with IBD have long periods of remission? In 
some situations, the temporary reduction of 
available antigen below a critical level might oc- 
cur. This seems unlikely in the case of epithe- 
lial-cell antigens unless there is some type of sy- 
nergism between bacterial and membrane- 
bound determinants. Even in Crohn's  disease, 
for which it is postulated that bacterial antigens 

only are involved, this sort of situation is likely 
to be quite transient. It seems more likely that 
some type of selective immunosuppression of 
variable duration takes place in the form of de- 
sensitization or tolerance induced by continued 
exposure to .just the right amount of antigen, 
with a greater or lesser stimulus resulting in 
persistence of hypersensitivity (I 19, 120). Al- 
ternatively, immunosuppression could result 
from the formation of antibodies to the same en- 
terobacterial antigens with resulting selective 
suppression of lymphocyte-mediated immune 
reactions on the one hand oi" the protection of 
target cells from sensitized lymphocytes in a 
manner analogous to tumor enhancement on 
the other (121). 

Although, within this hypothesis, the in- 
volvement of lymphocytes is assured, the ques- 
tion of whether they are T cells, B cells, or both 
is unanswered. Recently, this hypothesis has 
been discussed further by Walker and Issel- 
bacher (122), and obviously the merit of any 
portion of it will be established only by re- 
search. In the meantime, it provides signposts to 
many potentially rewarding avenues of investi- 
gation in the continued effort to understand the 
etiology and pathogenesis of IBD. 

S tobo and  Sho r t e r  then presented some re- 
cent data from further studies of the mechanism 
of the cytotoxicity of colitis lymphocytes for co- 
lonic epithelial cells. 

In an attempt to define better those mono- 
nuclear cells present in the peripheral blood of 
patients with idiopathic colitis that specifically 
lyse allogeneic colonic epithelial cells, Stobo and 
Shorter prepared subpopulations of mono- 
nuclear cells as follows: Mononuclear cells in 
the peripheral blood were initially isolated by 
centrifugation over a layer of ficoll-Hypaque. 
The washed mononuclear cells were then mixed 
with sheep red blood cells (SRBC) so that T 
cells bound the SRBC to their surfaces forming 
rosettes. Rosette-forming cells subsequently 
were isolated from cells that did not form ro- 
settes by sedimentation over a density gradient. 
As demonstrated in Table 2, despite a relative 
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frequency of 93% T cells in the SRBC rosette- 
enriched fraction, there was a decrease by a fac- 
tor of 27.6 in the cytotoxicity cells when com- 
pared to nonfractionated cells., 

As the effector cytotoxic cells thus did not ap- 
pear to be contained within the bulk of SRBC 
rosette-forming or T cells, it was next deter- 
mined whether the cytotoxic effector cells bore 
immunoglobulin (Ig) determinants on their sur- 
faces, thus indicating that these cells could be 
classified as B cells. Mononuclear  cells from the 
peripheral blood of patients with idiopathic co- 
litis were suspended in R P M I  1640 medium 
and incubated at 37~ for 30 minutes in poly- 
styrene Petri dishes, to which had been linked 
polyvalent antibody directed against human Ig. 
Cells not adhering to the Petri dish were 
washed off, and a rubber policeman was used 
gently to remove cells adhering to the Petri dish. 
The  results are summarized in Table  2. Despite 
a depletion by a factor of 1.8 in immunoglobu- 
lin-bearing cells, when compared to unfraction- 
ated cells there was no decrease and indeed 
there was an increase in cytotoxicity of non- 
adherent cells. Adherent cells, on the other 
hand, despite a threefold increase in the relative 
frequency of immunoglobulin-bearing cells 
when compared to the control, manifested a de- 
crease in cytotoxic potential. Thus,  the cy- 
totoxic cell in this system does not appear  to be- 
long to the defined, "classical" T -  or B-cell 
populations. 

Tha t  the cytotoxic cell, however, does bear a 
surface receptor for the Fc portion of Ig is dem- 
onstrated by the final series of experiments. Pe- 
ripheral blood mononuclear cells from the 
patients were incubated in polystyrene Petri 
dishes coated with heat-aggregated human Ig. 
Adherent and nonadherent populations were 
removed in a manner  similar to that described 
for the plates coated with antiimmunoglobulin. 
As Table  2 demonstrates, nonadherent cells 
were depleted of cytotoxic ability, but the ad- 
herent cells in contrast showed an increase by a 
factor of 1.6 in their cytotoxicity when com- 
pared to nonfractionated cells. 

Thus  it would appear  that those cells from 
the peripheral blood of patients with idiopathic 
colitis that lyse allogeneic colonic epithelial cells 
may not belong to either the classical T -  or B- 
cell populations but bear surface receptors that 
combine with the Fc portion of Ig. This finding 
should direct further approaches designed to 
elucidate mechanisms of colonic inflammation 
in patients with idiopathic colitis. 

T- and B-Cel l -Mediated Reactions 
and the Secretory System 

Stobo  then, in collaboration with T o m a s l ,  
presented a general review of T-  and B-cell-me- 
diated reactions and the secretory system in the 
gastrointestinal tract. Because several reviews 
of the secretory system had been published quite 
recently (123, 124), Stobo and Tomasi  limited 
their presentation to a consideration of some 
even more recent studies, together with their 
possible roles in gastrointestinal immunity. 

The  first topic was that of structural studies. 
Secretory IgA (SIgA), with a molecular weight 
of 390,000, contains four types of polypeptide 
chains: four L, four H, one J,  and one secretory 
component (SC). With respect to SC, the amino 
acid sequence of both human and bovine types 
has been determined for a limited N-terminal 
sequence. These proteins show about 85% 
homology in the first 15 residues and the two 
differences represent one base change (125). 
This is significant because earlier there had 
been some question as to whether the bovine 
and human proteins, designated as SC, were in- 
deed analogous. Because the bovine protein is 
much easier to isolate, further studies with the 
bovine SC, particularly in regard to the charac- 
teristics of its binding with IgA, now appear  to 
be justified. There  is no significant homology 
between bovine SC and either L or H chains in 
the first 25 N-terminal residues. 

Isotopically labeled human and bovine SC, 
when incubated with the sera of a variety of dif- 
ferent mammalian species, complex specifically 
with the IgA in that serum. It appears, there- 
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Fig 1, Schematic representat ion of structure of d imer and tetramer IgA. In the tetramer, J chain links two 
units to form a dimer and the other two units are bonded by disulfides not involving J chain, 

fore, that there are highly specific attractions 
between SC and IgA. The complexing of SC 
with the human IgA2 subclass, a major com- 
ponent of external secretions, appears to result 
in stabilization of the IgA, probably by means 
of a disulfide interchange. Thus, the binding of 
SC could stabilize the secretory IgA molecule in 
two ways: first, by "zippering" disulfide link- 
ages between the L and H chains, as initially 
suggested by Jerry and associates (126), and, 
second, by conferring stability to enzymatic pro- 
teolysis, as previously reported by Tomasi and 
Czerwinski (127). Stability to proteolysis could, 
at least theoretically, facilitate the transport of 
IgA across the mucosal epithelial cell by pro- 
tecting the IgA antibodies from intracellular 
degradation. Recent studies using HRP, which 
can be visualized by electron microscopy, have 
shown that SC is transported by a route similar 
to that of IgA but never reaches the intestinal 
lumen; it is apparently degraded in the lysoso- 
real vacuoles within which it can be identified 
in the apical portion of the epithelial cells 
(Tourville D, Tomasi TB Jr: unpublished 
data). 

The other unique polypeptide chain that is 
found not only in SIgA but also in serum IgM 

and polymeric serum IgA is the J (ie, joining) 
chain. There appears to be a single J chain per 
mole of 10s IgA dimer and one per mole of 19s 
IgM. It is attached to the penultimate cysteine 
residue and appears to join together the sub- 
units of polymeric immunoglobulins. Studies of 
the N-terminal sequence as well as cysteine- 
containing peptides derived from the J chain in- 
dicate that it is not closely related to either L or 
H chains, though further and more extensive se- 
quence work is necessary to reveal more subtle 
but significant homolog!es. 

At first, it was thought that the J chain had 
sufficient cysteine residues to bond each of the 
H chains of the IgM pentamer. However, recal- 
culation of the number of cysteine residues on 
the basis of newer measurements of the molecu- 
lar weight of the J chain has indicated the pres- 
ence of only 6-8 half-cysteines per mole of 
15,000. This suggests that there are not suf- 
ficient cysteines to form symmetric bridges to 
each of the H chains in the IgM molecule. Stud- 
ies by Halpern and Koshland (128) and by To- 
masi (129) have indicated that the model shown 
in Figure 1 is correct. The J chain is synthe- 
sized in the plasma cell and is probably added 
to the IgA or IgM subunit close to its exit from 
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the cell. The J chain bonds two subunits to- 
gether to form a dimer in both the IgM and IgA 
systems. The dimer apparently has a con- 
formation that results in noncovalent inter- 
actions between other subunits and the forma- 
tion of noncovalently linked polymers that 
subsequently undergo disulfide bonding. In fa- 
vor of such a thesis is the observation that it is 
possible, by selective reduction of the IgM 
molecule with low concentrations of mercapto- 
ethylamine, to produce a noncovalently linked 
pentamer(129). This dissociates in solvents 
such as urea into monomers and dimers, the di- 
mer containing disulfide-bonded J chains. A 
similar phenomenon probably occurs with 
higher polymers (greater than 10s) in the IgA 
system. 

Another intriguing, though incompletely un- 
derstood, observation is the finding that IgA 
proteins have a tendency to complex with cq- 
ant i t rypsin (eqAT). Tomasi  and Haupt-  
man (130) have found that nearly all IgA mye- 
loma proteins contain variable amounts of cova- 
lently bonded alAT. Laurell has observed that 
normal serum also contains a high-molecular- 
weight form of c~AT that is bound to IgA (Lau- 
rell: Personal communication). However, secre- 
tory IgA does not contain alAT, though many 
secretions such as those of the gastrointestinal 
tract contain free %AT. The exact quantitative 
relationship between the concentration of a~AT 
in serum and that in secretions has not been es- 
tablished, but Stobo indicated that appropriate 
experiments had been initiated. Stobo also 
stressed Tomasi's interesting observation that if 
one incubates a myeloma protein containing 
bound %AT (isolated from myeloma sera by 
affinity chromatography using an cqAT antise- 
rum) with intestinal fluid, the alAT is quickly 
removed from the IgM and now migrates elec- 
trophoretically in its free or unbound form. 
This reaction occurs within 15 minutes at 4~ 
and is, therefore, probably not enzymatic. 
These findings suggest the possibility that se- 
rum a~AT is transported into the lumen of the 
bowel attached to IgA and is then released. One 

mechanism of release that is currently under in- 
vestigation is a disulfide interchange reaction 
with secretory component. It has not yet been 
determined whether a~AT, when attached to 
IgA, functions as an enzymatic inhibitor. If it 
does, it could play a role, in addition to SC, in 
protecting IgA during transport. If the postu- 
lated relationships between IgA and cqAT 
prove valid, it would be important to determine 
carefully the a~AT content of secretions of 
patients who were deficient in IgA and, con- 
versely, the IgA content of secretions in individ- 
uals who lack a~AT. 

Stobo's second major topic concerned cellular 
studies. He noted that a major interest had de- 
veloped recently in the distribution of various 
types of lymphocytes (T and B cells) at mucous 
membrane sites. The studies of Waldman and 
Henney (131) have shown that local cell-medi- 
ated immunity, probably mediated by T cells, 
can be elicited in the respiratory tract by local 
application of antigens. However, such local 
cell-mediated immunity has not been well dem- 
onstrated in the gastrointestinal tract. 

Stobo first considered the cells in the lamina 
propria. Numerous studies have indicated that 
deposition of antigen directly onto mucous 
membranes leads to the local formation of anti- 
bodies, particularly of the IgA class. Experi- 
ments in several animal species and in man 
have shown that oral administration of antigen 
causes the production of circulating antibody 
and that systemic lymphoid tissues acquire the 
capacity to produce antibodies against ingested 
antigens. The class of serum antibodies pro- 
duced after oral immunization has varied in dif- 
ferent reports, from predominantly IgA (as de- 
tected in mice that have ingested ferritin) to a 
"systemic" type of response, in which IgM is 
formed initially and then IgG, as illustrated by 
oral administration of live, attenuated polio- 
virus in man. Since splenic plaque-forming cells 
can be identified following oral immunization 
with most antigens (132, 133), it seems likely 
that either free antigen or cells originating in 
the gastrointestinal tract and already committed 
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to antibody production (or both antigen and 
cells) reach the systemic system. It is not pos- 
sible yet to make a single generalization regard- 
ing oral immunization with respect to the rela- 
tive contributions of antibodies synthesized in 
cells found in three sites: cells located in the gas- 
trointestinal tract, cells committed in the gas- 
trointestinal tract but migrating to peripheral 
lymphoid tissues, or cells stimulated by ab- 
sorbed antigen in peripheral sites such as the 
spleen. Evidence for the occurrence of all three 
events has been reported in different species 
with various antigens. It does appear likely, 
however, that the production in the serum of the 
IgA type of antibody elicited by a particular an- 
tigen depends more on the route of the adminis- 
tration of the antigen than on its chemical struc- 
ture. 

It has proved quite difficult to obtain lamina 
propria cells for studies involving both antibody 
formation and cellular immune reactions. Pri- 
marily this is because the presence of mucus re- 
sults in the clumping of cells and also non- 
specific hemolysis. Nevertheless, Robertson and 
Cooper (133) hav e reported studies concerning 
the lamina propria cells of rats immunized with 
SRBC both by the oral and the systemic routes. 
Lamina propria cells are able to respond to 
both intravenous and intraieiunal administra- 
tion of this antigen, as evidenced by the forma- 
tion of antibody-producing cells in the Jerne 
plaque technique. The response in the mes- 
enteric nodes was particularly prominent in the 
orally immunized animals and was greatest in 
the spleen after intravenous administration of 
SRBC. Robertson and Cooper concluded that a 
definite local antibody response followed oral 
immunization but that this may have been aug- 
mented by cell migration from other sites, such 
as the spleen and mesenteric lymph nodes, into 
the lamina propria. This conclusion was based 
largely on the effect of splenectomy in greatly 
reducing the plaque-forming response in the 
lamina propria after intestinal immunization. 
At least in this system, there appears to be sig- 
nificant absorption of the intact antigen and, 

subsequently, migration of sensitized precursor 
cells from the spleen to the gastrointestinal 
tract. 

Stobo then gave his attention to cells in 
Peyer's patches. Because it is much easier to ob- 
tain cells from Peyer's patches than from the 
lamina propria, there is much more informa- 
tion about the characteristics of the former. 
Moreover, interest in these cells was stimulated 
by the suggestion of Cooper and col- 
leagues (134) that they may be the mammalian 
equivalent of the bursa of Fabricius of the chick- 
en. This was based on various lines of evidence, 
but most directly on the observation that rabbits 
from which the gut-associated lymphoid tissue 
(GALT) had been excised were unable to form 
a primary antibody response. However, this 
was only manifest in animals in which irradia- 
tion had been followed by reconstitution with 
fetal liver; in other words, animals from which 
G A L T  had been removed could not be reconsti- 
tuted in the same manner as sham animals. 
Stobo noted that more recent evidence in favor 
of Cooper and associates' hypothesis is the find- 
ing that Peyer's-patch ceils either are not ca- 
pable of producing a graft-versus-host reac- 
tion (135-137) or mediate the allogeneic 
effect (137), both of which are presumably T-  
cell functions that can be demonstrated easily in 
peripheral lymphoid tissues. 

Against the idea that Peyer's patches are 
analogous to the bursa of Fabricius are the re- 
sults of studies in mice using anti-0 antisera 
demonstrating that approximately 70% of the 
lymphocytes bear this T-cell surface marker. 
Also, the work of Joel and associates (138) 
shows that ceils migrate directly from the 
thymus to Peyer's patches early in the neonatal 
period. Moreover, although graft-versus-host 
and allogeneic reactions cannot be demon- 
strated in studies of Peyer's-patch cells, there is 
evidence of other T-cell functions, such as the 
ability to generate carrier-specific helper cells. 
This suggests the possibility that only certain 
subpopulations of T cells may be represented in 
Peyer's patches. One complicating experimen- 
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tal factor in these studies has been the frequent 
presence of contaminating lamina propria cells 
that, for example, could be responsible for the 
carrier-specific cells. 

Peyer's patches also contain B cells (about 
30% in the adult animal, as demonstrated by 
surface immunoglobulin markers). However, 
after either oral or parenteral immunization, 
Peyer's patches do not contain detectable 
amounts of antigen (139) and do not possess 
plaque-forming cells (140, 141). Although in 
vivo immunization by any route does not lead to 
immunization of Peyer's patches, Stobo re- 
ported that stimulation by sheep cells in vitro 
using the Miscelle-Dutton culture technique 
resulted in a good primary response with 
Peyer's-patch cells(140); however, Kagnoff 
and Campbell (142) have reported that these 
cells were significantly inferior to spleen ceils. 
Also, if Peyer's patches are removed from anti- 
gen-primed animals, a good secondary response 
can be elicited, which indicates that memory 
cells are present in the patches (140). Thus, the 
apparent inability of Peyer's patches to form 
antibodies when immunized in vivo may be ex- 
plained on the basis of the absence of an anti- 
gen-trapping mechanism (139), and in this re- 
spect the patches differ from the lamina 
propria (143). It may be pertinent in this re- 
gard to note that Peyer's patches have no affer- 
ent lymphatics. 

The study by Kagnoff and Campbell (142) 
has shown that Peyer's patches may lack an ap- 
propriate adherent-cell population (macro- 
phages) and that antibody formation in vitro 
can be much increased by the addition of a 
macrophage-rich population or of r 
toethanol. Moreover, there is evidence that 
patch cells will mediate an allograft reaction if 
adherent cells are added (142). The ability of 
patch cells io form antibodies in vitro (140) may 
be due to" contamination of the patches with 
phagocytic cells derived from the lamina 
propria. Another possibility that would explain 
the difficulties in obtaining both T- and B-me- 
diated reactions is the presence of a high density 

of suppressor cells. However, no information is 
presently available on the suppressor-cell popu- 
lation of Peyer's patches. 

In summarizing the current information on 
Peyer's patches, Stobo stated that it appears 
that they are not strictly analogous to the bursa 
of Fabricius in that they contain large numbers 
of T cells that have migrated from the thymus. 
Moreover, the Peyer's patches, though present 
at birth, are poorly formed and appear to de- 
velop both T- and B-cell populations similar to 
those of peripheral lymphoid tissues. Although 
Peyer's patches contain antigen-sensitive cells, 
there are certain differences between the 
patches and typical peripheral lymphoid tissue, 
such as their inability to mediate a graft-versus- 
host or allogeneic reaction despite the presence 
of T cells and their relative failure to manifest a 
B-cell response when immunized in vivo and 
probably also m vitro. In large part, these dif- 
ferences may result from either the lack of anti- 
gen-trapping mechanisms and the absence of 
other cell types (macrophages) or the factors re- 
quired for the induction of T- and B-cell func- 
tions (or both of these), though the presence of a 
high density of suppressor cells has not been ex- 
cluded. 

Stobo next discussed cell migration patterns. 
He pointed out that another potentially impor- 
tant area in the immune response to orally in- 
gested antigens concerns the recirculation pat- 
tern of lymphocytes. Gowans and Knight (144) 
have noted that small lymphocytes obtained 
from the thoracic duct lymph, when injected in- 
travenously into rats, localized in many periph- 
eral lymphoid tissues including the gut, pre- 
dominantly in Peyer's patches. In contrast, the 
large lymphocytes in these preparations local- 
ized selectively in the gastrointestinal tract at 
various sites, including both Peyer's patches 
and lamina propria. By labeling lymphocytes 
with thymidine, Griscelli and coworkers (145) 
found that mesenteric lymph nodes and tho- 
racic-duct lymph node cells showed marked 
homing to the lymphoid tissue adjacent to the 
intestine, whereas cells from peripheral lymph 
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nodes accumulated preferentially in peripheral 
lymphoid tissues. They also found that lymph 
node cells obtained from donors immunized 
with a specific antigen showed a greater ten- 
dency to accumulate in a lymph node contain- 
ing that antigen than in the contralateral node. 
These latter experiments indicated that cells 
that had been sensitized previously with antigen 
tended to home to areas containing that antigen. 
This suggested that the homing pattern seen in 
the gut may be a consequence of the prior sensi- 
tization of cells derived from the thoracic duct 
or mesenteric lymph nodes by antigens com- 
monly found in the gut. Work by Moore and 
Hall (146), who used labeled lymphocytes de- 
rived from the lymph of the thoracic duct in 
rats, has provided a clear indication that the lo- 
calization occurs in subcutaneous implants of 
sterile fetal gut. Because it is presumed that the 
fetal gut was antigen free, these studies seem to 
have excluded antigen as being totally respon- 
sible for the homing patterns of lymphocytes. 
However, it is likely that, in the intact animal, 
both antigen-determined localization and spe- 
cific homing properties of the lymphoid cells are 
important. 

The nature of the factor or factors (other than 
antigen) determining homing is unknown, but 
homing could be attributable to specific surface 
receptors that interact with some element in the 
stroma of the gastrointestinal tract. Alterna- 
tively, there could be random seeding of cells 
followed by selective proliferation of certain 
cells in the gastrointestinal tract due to the local 
environment ,  as suggested by Cra ig  and 
Cebra (147). These authors also showed that 
Peyer's-patch cells could be precursors of lam- 
ina propria IgA cells. Thus, rabbit Peyer's- 
patch cells, on injection, populated both the gas- 
trointestinal tract and the spleen with lymphoid 
cells that differentiated into IgA plasma cells. 
Similar cell inocula derived from peripheral 
lymphoid tissues of the same animals were not 
able to seed the gut and gave rise in the spleen 
and peripheral lymphoid tissues to IgM and 
IgG cells. Thus, the Peyer's-patch cells seem to 

be precommitted to the production of IgA and 
also to possess the capacity to home specifically 
to the gut-associated lymphoid tissues. Whether 
specific homing or random seeding followed by 
selective proliferation occurs, it follows from 
this discussion that certain lymphoid cells and 
not others have the ability to colonize the gas- 
trointestinal tract. 

Stobo's discussion then took up the matter of 
T cells and IgA. He noted that several lines of 
evidence suggest a distinct relationship between 
IgA and T cells. Arnason and associates (148) 
found that in thymectomized rats there was a 
distinct deficiency in an immunoglobulin, which 
they termed IgX, and that both IgM and IgG 
remained essentially unchanged, compared to 
nonthymectomized controls of the same age. 
Thymectomized rats also showed a selective de- 
feet in their ability to form antibodies against 
bovine serum albumin in the IgX class. Since 
the mobility of IgX was similar to that of hu- 
man lgA and was not found in the sera of nor- 
mal rats less than 6 weeks of age, it was thought 
that the defect in thymectomized rats was in the 
IgA class rather than in the IgG or IgM. 
Clough and associates (149) showed that in ne- 
onatally thymectomized rabbits the antihaptene 
antibody response to arsanilic acid-bovine se- 
rum albumin (BSA) was strikingly diminished 
in the IgA class but not in IgG or IgM. It was 
proposed that, at least for certain antigens, the 
serum IgA antibody response is more dependent 
on T cells than the antibody responses in other 
immunoglobulin classes. 

Clinical observations also suggest a relation- 
ship between T-cell defects and a selective defi- 
ciency of IgA. For example, patients with he- 
reditary telangiectasia have a T-cell defect, 
perhaps on the basis of a thymic abnormality 
although this has not been proven, and the ma- 
jority of these patients have a selective defi- 
ciency of IgA. Schiff and coworkers (150), in a 
study of IgA-deficient patients, found that the 
number of T cells, as measured by the SRBC 
rosette technique, was significantly depressed in 
patients with ataxia -telangiectasia and isolated 
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IgA deficiency. Others have reported reduced 
and variable responses to phytohemagglutinin 
(PHA) in patients with IgA deficiency (151). 
An intriguing question concerns the possibility 
that in the gut there exist specific T cells that 
collaborate in the IgA response; that is, there 
are specific helper cells for each immunoglobu- 
lin class and patients with IgA deficiency have 
an abnormality in their T cells rather than in 
their B cells. This possibility is also suggested 
by the finding that the majority of patients with 
IgA deficiency have normal numbers of circu- 
lating B cells with surface IgA (152) and that 
these cells are also able to synthesize IgA if 
stimulated by pokeweed mitogens (153). 

Stobo's third and final topic was the mecha- 
nism of action of IgA antibodies. He empha- 
sized the substantial evidence that had accumu- 
lated to indicate that secretory antibodies can 
neutralize viruses at their portal of entry (154). 
This concept results mainly from studies with 
respiratory tract viruses and it has been shown 
that resistance to infection is correlated better 
with titers of antibodies in secretions than with 
those in serum. Techniques such as aerosol im- 
munization, which elicit efficient production of 
mucosal antibodies, are more effective in pro- 
tection against infection than systemic immuni- 
zation, which usually results in high serum 
titer, but only low levels of antibodies in se- 
cretions. The studies of Ogra (155) concerning 
the poliomyelitis virus suggest that the same 
principles apply to v~ral infections and immu- 
nizations via the oral route. Although secre- 
tory antibody appears to be of key importance 
in resistance to infection, once a virus colonizes 
a mucous membrane the complex mechanisms 
involved in recovery are set into motion; these 
mechanisms probably involve the cooperative 
participation of many factors, including secre- 
tory antibodies, serum antibodies, cellular im- 
munity, and certain nonimmune substances 
such as interferon. 

Although it is clear that secretory antibodies 
of local origin are effective in viral systems, the 
role of local immunity in bacterial infections is 

less clear. One of the major problems is that 
SIgA antibodies do not fix complement, at least 
by the classical pathway, and it is generally be- 
lieved that the lysis of a bacteria by antibody re- 
quires activation of complement. However, ag- 
gregated human IgA myelomas are able to fix 
complement via the alternate pathway or C3 
shunt (156). This pathway of fixation bypasses 
the early components (Cl, C4, C2) in the com- 
plement sequence and initiates fixation at C3. 
However, whether specific antibodies of the IgA 
class will activate the shunt has not been deter- 
mined. Also, the question of whether there are 
sufficient concentrations of the shunt com- 
ponents (such as properdin and C3 proactiva- 
tor) in external secretions, so that this mecha- 
nism can operate at the mucosal level, has not 
been answered. It is known that C1 is synthe- 
sized in the intestinal epithelial cell and that 
macrophages from a number of sources are able 
to synthesize most of the other components of 
the classical pathway, but little is known about 
the sites of synthesis of properdin, C3 proactiva- 
tor, and other components of the alternate path- 
way. Further work is needed in this important 
area. 

A potentially important finding relating to 
the antibacterial activity of immunoglobulins in 
external secretions is the report by Williams 
and Gibbons (157) that antibodies of the IgG 
and SIgA class are capable of inhibiting the ad- 
herence of bacteria to epithelial cells. For ex- 
ample,  SIgA ant ibodies  directed against  
Streptococcus salivarius inhibit this bacterium 
from attaching to the surface of isolated human 
buccal epithelial cells. Fubara and Freter (158) 
have demonstrated a similar inhibition, by lo- 
cally produced antibodies, of the adherence of 
Vibrio cholerae to the small-intestinal epithe- 
lium in rabbits. According to this theory, for 
most bacteria to colonize a mucosal organ effec- 
tively, the organisms first must adhere to the 
mucosal epithelial cell. If the initial attachment 
is prevented (by action of antibody), the orga- 
nisms would be removed by the "cleansing 
function" of secretions before sufficient num- 
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bets were generated to have a detrimental effect. 
Although the antiadherence hypothesis of lo- 
cally produced antibodies on antibacterial im- 
munity is attractive, further work is needed be- 
fore it can be generally accepted. 

Another potentially important area concerns 
the role of the secretory system in preventing 
the mueosal absorption of nonviable materials 
that are inhaled or ingested. Suspicions for such 
a role for the secretory system came from stud- 
ies of patients with a selective deficiency of IgA. 
These patients have high titers of antibodies 
against milk proteins in their serum (159), and 
particularly prominent are antibodies (of the 
IgG class) reactive with bovine milk IgM (160). 
Such antibodies are very rarely found in adults. 
More concrete experimental evidence has been 
provided recently by the elegant studies of 
Walker and associates(161) in rats; these 
workers showed that the extent of absorption of 
proteins such as BSA and HRP can be influ- 
enced by preimmunization with these antigens. 
Adult rats were immunized either orally or sys- 
temically with one antigen, and the degree of 
absorption of both proteins was determined us- 
ing the inverted gut-sac technique and radio- 
labeled proteins. Animals immunized with BSA 
absorbed significantly less BSA than controls, 
but there was no effect of immunization on the 
absorption of HRP. On the other hand, immu- 
nization with HRP diminished the absorption 
of HRP but not of BSA. Thus, the effects of im- 
munization on absorption were antigen specific. 
These results suggest the possibility that the 
clinical associations noted between IgA defi- 
ciency and autoimmune disease (162) could re- 
sult from the continued absorption of antigens 
via the gastrointestinal tract, and possibly other 
routes, leading to immune complexlike diseases. 
In this regard, antibodies to bovine ~,-globulin 
as well as circulating antigen (presumably in 
immune complexes) have been described in cer- 
tain patients with disseminated lupus ery- 
thematosus (163). Another possibility is that 
patients with defective secretory systems absorb 
larger amounts of exogenous antigens that 

cross-react with certain self-antigens. This 
could lead to autoimmune diseases and explain 
the clinical association noted between these dis- 
eases and IgA deficiency. Such suggestions are 
intriguing, but at the present time they are 
highly speculative. 

Finally, Stobo noted that IgE, like IgA, may 
be a secretory immunoglobulin. Evidence de- 
rived from plasma cell counts in various organs 
using the fluorescent antibody technique sug- 
gests that IgE is synthesized predominantly in 
secretory sites such as the respiratory and gas- 
trointestinal tracts. Although IgE has been im- 
plicated primarily in immediate-type allergic 
reactions, normally it probably serves some 
physiologic functions. For example, it has been 
suggested that in the gastrointestinal tract IgE 
antibodies directed against intestinal parasites 
may be responsible for the liberation of hista- 
mine and other mediators from mast cells in the 
lamina propria, which leads to the self-ex- 
pulsion of the parasite. Although IgE has been 
suggested as having a role in the resistance 
against viral and bacterial infections on the 
basis of cases of repeated infections associated 
with IgE deficiency, there have been several re- 
ports of patients who selectively lack IgE and 
apparently do not suffer from recurrent infec- 
tions. No conclusions can be drawn regarding 
the role of IgE in host defense in the normal in- 
dividual. 
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