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II. Immunology of the gastrointestinal tract 

The digested metabolized substrates provide 
energy required for the locomotion and the 
maintenance of the structure. Digestion is a 
sequel of the concomitant physical and chemi
cal processes, due to which the nutrients are 
split and their antigenic properties are lost. 
Different mechanisms would transport these 
substrates promoting their absorption. The 
total skin surface of a normal adult is about 
1.5-1.9 m2, while the surface of the gastroin
testinal tract (GI), which is in contact with the 
"internal" milieu comprises about 140 m2• A 
system termed by Burnet as GALT regulates 
ancl controls the defense mechanisms of this 
enormous surface. 

The Walcleyer's ring, the Payer's patches 
ancl the plasma cells of the colon mucosa all 
having similar immunological functions, are 
identified as aT-independent B-dependent 
system. Similar to the well-known functions 
of the thymus, peripheral lymph nodes or 
bone marrow, a considerable amount of data 
exists concerning the activity and information 
exchange within the above mentioned B-de
pendent system. 

The cells, morphological entities and mole
cules comprising the morphological basis of 
this system will be specially emphasized. 

Epithelial cells - aside from absorption -
together with the other active systems - they 
maintain about 50% of the mucoperistaltic 
function (111). The epithelial cells also play 
a unique role in the production of Secretory 
Component (SC) responsible for the transport 
of the IgA molecules into the lumen (9). 

Mucus-secreting Goblet cells - are one of 
the final forms of differentiation of the epithe
lial cells. The rate of mucus secretion affects 
the intraluminal processes. 

Glandular epithelium - though it plays a 
minor role in the absorption of the nutrients as 
antigens, its major purpose is the formation of 
antigen-reacting islets (9, 5, 123), which com
prise an outer "core" of the Peyer's patches. 

"M"- microfold cells - specialized epithe
lial cells responsible for a special form of the 
antigen uptake and presentation. Other organs 
fail to exhibit similar mechanisms (9, 95, 96). 

Compared to the other epithelial cells, 
these elements contain very few microvilli 
and, therefore, can be easily identified. Their 
number depends on the size of the follicle, 
however, their ratio to the other absorbing 
glandular epithelial cells (M:glandular epithe
lial cells) is always constant - 1: 12. Raster 
electronoptical studies indicate that the M 
cells promote absorption of the minor amount 
of both natural substances (for example seeds, 
40 ~ in diameter) and artificial particles (la
tex, 0.5-1 ~ in diameter). Hence, these mole
cules rather participate in the information 
transfer, than in the energy supply processes. 

Lymphocytes - T lymphocytes comprise 
about 50-90% of the whole lymphocyte popu
lation and directly or indirectly control the 
differentiation of the mucosal cells. They can 
cause hyperplasia of the mucus-secreting cells 
and increase the deepth of the crypts. Con
comitantly atrophy of the villous cells occurs. 
This interesting morphological reaction has 
been first attributed to infection, however, 
transfusion of the lymphocytes separated from 
the lymph nodes of the infected animal to a 
healthy syngenic animal elicited mucosal al
terations similar to those caused by the infec
tion. This finding proves the regulatory role 
of the lymphocytes. The infection-induced 
changes of gastrointestinal cells, which de
velop by the 14th day post-infection would 
alter the normal structure of the mucosa. The 
donor lymphocytes from the thoracic duct of 
the infected animal transfused to the recipient 
with a simultaneous infection transfer induce 
similar changes a week earlier - by the 8th 
day post-infection (86). 

The above experiment fails to fully reveal 
the individual characteristics and the func
tions of the intraepithelial (lEL) lymphocytes. 
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The available data of the literature indicate 
that this field needs further investigation. The 
IEL lymphocytes undoubtedly possess spe
cific individual properties, compared to the 
other lymphocyte pools, including the LP. 

50% of these cells are derived from the thy
mus (25, 54, 75, 80,98, 101, 112) and follow 
the same course of migration as the T -cells or 
the precursors of the IgA-producing plasma 
cells of the LP (20, 54, 84, 102, 116). These 
cells, starting from the Peyer's patches per
form special functions. Following an intra
luminal antigen stimulus, the IEL-precursor 
starting from the Peyer's patches traverses the 
mesenteric lymphatic nodes (MLN) and get 
into the blood stream via the thoracic duct. In 
the circulation these lymphocytes become 
large proliferating cells; they return into the 
intestinal mucosa, where they are transformed 
into quiescent cells (54). With regard to their 
functions and membrane properties, these 
cells can be assessed into two large sub
groups: 
A - Cytotoxic suppressor phenotype (CD 

8+) (25, 65, 75, 80, 98, 101, 112), or 
MHC-I restricted cytotoxic cells (37, 
64). 

B - population carrying no pan-T antigens, 
comprising about 50% of the IEL (22, 
25, 65, 80, 98,101). These cells might 
origin from the bone marrow (80). It is 
noteworthy that not all the cells belong
ing to this popUlation can be identified 
with the CD 8 serum (53). Furthermore, 
there is no evidence concerning the 
function, differentiation and the rela
tionship of these cells with the thymus
derived lymphocytes. Only one team 
succeeded to reveal the so-called HML-
1 antigen on their membranes (23) 
using monoclonal antibodies. 97-99% 
of the IEL are HML-l positive, whereas 
only 0.1-0.7% of the systemic lympho
cytes obtained from the venous blood of 
the same individual possess these sur
face antigens. 68-74% of the CD 8+ in
traepithelial cells carry this marker, 
while it occurs only in 20-38 % of the 
circulating CD 8+ cells and in 11-20% 
of the mucosal CD 4+ lymphocytes. 42-
62% of the systemic CD 4+ cells also 
exhibit this membrane antigen. Immune 

electromicroscopic studies of the 
HML-l positive cells from the epithe
lial region or lamina propria indicate 
characteristic intracytoplasmatic gra
nules of these cells, their other charac
teristics resemble those of the small and 
medium lymphocytes. It must be 
stressed that the macrophages, granulo
cytes, mast- and plasma cells are HML-
1 negative. The bone marrow contains 
about 1 % of the positive cells; 0.7% 
occur in the systemic circulation and 
only 1-2 cells can be found in the me
dullar zone of the thymus. Cortical 
areas of the spleen and the T -zones of 
the Peyer's patches sometimes have 
HML-1 positive cells. There are rela
tively more HML-1 positive cells (2-
5 %) in the tonsils and the peripheral 
lymph nodes. 

In summary, the HML-1 antigens act as the 
markers of the gastrointestinal tract, including 
the T and the IgA-producing B cells of the 
mesenteric lymph nodes (22). 

This antibody-marked antigen is a mem
brane receptor responsible for the specific lo
calization of the lymphocytes, termed "intes
tinal homing". However despite the establish
ment of a specific relationship between the 
mucosa and the IgA-producing lymphocytes 
(81, 82), only few HML-1 receptors are lo
calized on the B cells, hence, their special task 
is not yet fully understood. 

The presence of the identical differentiation 
antigen markers in all the IEL subpopulations 
suggests similar differentiation of all the IEL 
cells in the intestinal micro-environment. 

The LGL cells. About 50% of the intraepi
thelial lymphocytes contain large granules, 
and are, therefore, called "large granular lym
phocytes" (LGL) (122). A growing body of 
evidence identify them as NK cells. Some re
searchers. however, find very low count of 
these cells. The LGL cells are derived from 
the bone marrow and their differentiation is 
independent of the thymus (40, 92). 

4-6% of the LGL cells are responsible for 
the non-specific cytotoxicity (19, 101, 122). 
25% of these CD 8+ T cells contain sulpha
tated polysaccharides in their granules (21, 
24, 35, 51, 114, 115). Interesting enough, the 
early phase of development of the sporozoites 
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of Eimeria tenella, E.necatrix and pichinde 
virus occurs inside these cells (5). Since the 
further migration of these microorganisms 
might result in a generalized infection, our 
current knowledge about the mechanisms of 
gastrointestinal infections should be revised. 

Mastocytes. According to recent findings, 
mastocytes represent a special form of dif
ferentiated lymphocytes (2.10). They can be 
cultured from the lymph nodes, thymus and 
the spleen. It has been believed that the mast 
cell precursors origin from the thymus. How
ever, evidence exists that these hemopoietic 
precursors are rather derived from the bone 
marrow, since the IL-3 signal transforms them 
into mastocyte-like cells (59, 121). In vivo 
these precursors commonly found in the con
nective tissue, skin, around the vessels or in 
subepithelial spaces, differentiate into mature 
mastocytes. Mature forms having a short life
span, exit the circulatory bed but can move 
within the LP. Their granules contain his
tamine, heparin, PAF, SRS-A, ECF-A, NCF 
and chymase and their membranes carry FCc 
receptor. The morphology and probably the 
function of the epithelial mastocytes differ 
from that of the subcutaneous forms. In para
site infections their count dramatically in
creases. The molecular weight of the "he
parin" (chondroitin sulphate) molecules found 
in the mucosal cells ranges between 5,000 and 
30,000 Daltons (4, 46). 

Macrophages. Classically this term means 
phagocytes. Beside this well known function, 
macrophages carrying MHC II receptors can 
present antigens. They also possess MHC I, 
FCy, complement binding surface markers, 
etc. The cytoplasm of macrophages contains 
heparin. This cell population plays an ex
tremely important role in the course of in
flammation and in the control of the lympho
cyte function (58,125). 

Peyer's patches. 
Peyer's patches comprise a special organ 

within the gastrointestinal immune system. 
Their number increases from the duodenum to 
the coecum. Similar to the lymph nodes, 
Peyer's patches contain T and B lymphocytes, 
antigen-presenting and accessory cells, thus 
forming a special unit of the local immune 
response. Peyer's patches slightly protrude 
into the intestinal lumen and their epithelial 

membrane contains special "presenting" M 
(microfold) cells. The cytoplasm processes 
enclose lymphocytes. Due to the endocytosis 
of the M cells, the abluminal antigens come 
to contact with the lymphocytes (95) (Fig. 
II/l), which would migrate into the subepithe
lial follicles of the Peyer's patches to form 
germinative centers. 

Macrophages as antigen-presenting cells 
interact with the T and B lymphocytes in the 
peripheral germinative centers. The former, 
acting as accessory cells, elicit aimed lympho
cyte proliferation with subsequent develop
ment of Iymphoblasts. 85% of the B lympho
cytes would proliferate into IgA-producing 
plasma cells (29, 88). Leaving the site of their 
primary interaction with antigens, the stimu
lated B lymphoblasts migrate (54) from the 
Peyer's patches into systemic circulation via 
the regional mesenteric lymph nodes; they 
pass the spleen finally arriving to the lamina 
propria (Fig. II/2). 

Transfer experiments validate the fact of 
migration: lymph cells from the Peyer's pat
ches were transferred to a lethally irradiated 
syngenic recipient, which scarcely had its 
own lymphatic cells. The donor cells migrated 
to the mucosal lamina propria (30). In the ex
periments with donor lymphocytes originating 
from mesenteric lymph nodes and the thoracic 
duct the cells exhibited similar course of the 
migration. 

Mesenteric lymph nodes of the newborn 
lambs were removed and the Peyer's patch 
lymphocytes were labeled with radionuclides. 
Following this procedure a pronounced cell 
exchange was observed between the lympho
cytes of the remote lymph nodes, spleen, thy
mus and the bone marrow. It is suggested that 
the alimentary antigens are spread all over the 
organism following this route of migration 
subsequently activating the effector mechan
isms (12). 

After surgical removal of the Peyer's pat
ches in the adult rats, the animals were orally 
infected with the strains of E. coli 055 and B5 
and the immune response of the mesenteric 
nodes, spleen and lamina propria was com
pared to that of the identically infected 
healthy animals. 

The control group developed pronounced 
local IgA and IgM responses, whereas the 
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operated rats responded with a suppressed 
IgA and atypical IgO antibody production. 

Despite these experimental results the fine 
mechanisms of the above mentioned immune 
response are not yet fully understood. A spe
cial receptor-ligand interaction between the 
lymphocytes and the endothelial cells is sug
gested. Similar interaction was observed in 
the postcapillary venules during lymphocyte 
migration between the primary and the sec
ondary organs (28, 117). Further investiga
tions of the above discussed HML-l mem
brane antigens (23), certain chemotactic fac
tors and the specific regulatory role of the 
continuous antigen presentation (88, 97) could 
answer this question. 

In summary, after a specific antigenic 
stimulus the differentiated Iymphoblasts leave 
the Peyer's patches and enter the lamina pro
pria via the systemic circulation. Lamina pro
pria is the site of their final differentiation 
into IgA-producing plasma cells (Fig. II/3). 

Mucosal lamina propria is localized be
neath the mucosal layer of the epithelial cells. 
Lamina propria is not a homogeneous layer of 
specific cells, but contains different cells also 
occurring in other organs. The latter are em
bedded in the matrix of fibroblasts and mesen-

chimal cells. Lymphocytes, mastocytes, neu
trophil and eosinophil leukocytes are the most 
typical cellular elements of the lamina pro
pria. The ratio between these constantly mi
grating cells dynamically alters meeting the 
requirements of the organism. The old cells 
are destroyed in the lamina propria. This "in
dependent" activity is only apparent, for com
plex relationships between the cells control 
the mucosal function. The anatomical (I), 
functional (II) and biochemical (III) changes 
following an antigen stimulus support the 
functional entity of the mucosal lamina pro
pria and the epithelial cells. 

I. The evident modification of the mesen
chimal cells and the pericryptal fibroblasts is 
of less importance, compared to that observed 
during differentiation and proliferation of the 
epithelial cells (74) . These events are parts of 
the inflammatory process, although no exact 
definition of inflammation or the sequence of 
its events still exists. It is well known, how
ever, that the activation of the complement, 
coagulation system, kin ins and fibrinolytic 
mechanism contribute to the migration of 
these cells leading to mucosal damage. Never
theless, there has been doubt, whether it is the 
inflammation or the mucosal lamina propria, 
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which play the primary role in these patho
logical processes. 

II. As the number of IEL grows, the epi
thelial cell-mediated sIgA transport into the 
lumen is promoted (5). Both cellular and 
molecular changes of the mucosa are the con
sequences of the active function of the lamina 

propria - epithelial cells can only accept or 
transport different molecules, but are inca
pable of their synthesis. The phospholipase 
activity of the eosiniphils (70) and the 
myeloperoxydase activity of the myeloid cells 
(44) are elevated. Activation of both enzymes, 
as well as a subsequent decrease of the 
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enzyme activity in the epithelial brush border 
indicates inflammatory process. The charac
teristic cytoplasm of the mastocytes plays a 
complex role in the inflammatory reactions: it 
triggers the IgE-mediated histamine release; 
releases serotonin in its environment without 
involvement of any accessory immune mech
anisms; and finally accumulates 5-hydroxy
triptophan and histamine (90). The mucosal 
lamina propria has a dual effect on the GI 
function. One is the histamine-mediated 
smooth muscle contraction, observed for 
example in the Schultz-Dale reaction (126). 
The other alters the mucosal function, how
ever, its complex mechanism needs further in
vestigation. It is generally assumed that 
though histamine triggers the pathological 
process (127), the final result is rather due to 
an interaction of the released biologically ac
tive substances. 

The watery jejunal and ileal secrete is re
leased into the lumen (71, 124) reducing ab
sorption, including that of Ca++. The latter is 
required by the mastocytes for the release of 

serotonin into the extracellular space and for 
VIP secretion (11, 32, 110). VIP induces a 
cAMP-mediated secretion of NaCI in the bil
iary, pancreatic and intestinal epithelium (39, 
42). This secretion mechanism resembles that 
of the cholera toxin, prostaglandins (39) and 
alpha-interferon. Serotonin mechanism is not 
the sole trigger of the above reactions, for it 
also has secretogogue properties (33, 63). 
VIP, however, has another action mechanism: 
being released as a neurotransmitter (45, 131) 
it activates the cholinergic cells with subse
quent release of ACh. The latter stimulates se
cretion of fluid, electrolytes (56, 130) and 
mucus (1). The secreted VIP is inactivated in 
situ by the kinases of the mastocytes (60) 
(Fig. 11/4). 

The remote effects include modification of 
the pancreatic exocrine function and altering 
the secretin and cholecystokinin levels. 

III. The synthesis of glycoproteins derived 
from the cell membrane increases, conse
quently their concentration in the microenvi
ronment grows (41). Glycoproteins inhibit the 
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mediator interactions at the level of the mem
brane-bound glycoproteins, receptors or lec
tins. This inhibition indirectly prevents the al
teration of the cell "behavior". This protection 
is, however, only partial, since the mucus se
cretion is still enhanced. 

The IgA immune response 

Though the mucosal IgA production also 
termed as secretory immune response, is well 
documented (69), recent findings have urged 
the researchers to review this problem (111). 
Thus the formation of sIgA-mediated immune 
complexes seems to be a basic factor of toler
ance. Without the knowledge of immunoregu
latory mechanisms its effector function can 
not be understood. The experiments with 
double Thiry-Vella fistulas suggest that the 
secretion and regulation of sIgA is a local re
sponse. 

Proximal and distal fistulas were made on 
the abdominal wall in rabbits. Peyer's patches 
were removed from the proximal fistula and 
left in the distal one. At the 7th post-operation 
day the immune response to an antigen ap
plied before surgery was evaluated. The anti
body titer found in the fistula was considered 
as control. Then the antigen was repeatedly 
administered into the fistula lumen. Adminis
tration into the patch-free fistula resulted in a 
non-significant increase of the specific sIgA 
antibodies in both fistulas, whereas same ad
ministration into the intact lumen revealed a 
ten-fold elevation of the antibody level in the 
intact, and a 4,5-fold increase in the patch
free fistulas (62). 

LPS treatment of the B-cells cultured from 
the Peyer's patches and the spleen resulted in 
a parallel elevation of the IgG, IgM, and IgA 
production. Addition of the spleen T cells 
stimulated with Concanavalin A resulted in 
the inhibition of the IgG, IgM, and IgA pro
duction induced by the suppressor T cells. Re
placement of spleen T lymphocytes by the 
stimulated T cells from the Peyer's patches 
resulted in similar depression of IgG and IgM 
synthesis, while the production of IgA anti
bodies was paradoxically enhanced (36). 
These findings are consistent with the as
sumption that the Ts lymphocytes derived 

from the Peyer's patches activate the sIgA
producing plasma cells and inhibit those syn
thesizing IgG and IgM molecules. 

Other experimental findings support the 
above theory: T cells from the Peyer's patches 
of mice immunized by enteral administration 
of ovalbumin were transfused into syngenic 
animals, which were simultaneously treated 
with ovalbumin. Similar to the above men
tioned experiment, the IgG and IgM-produc
ing plasma cells were inhibited, while the syn
thesis of the ovalbumin-specific IgA anti
bodies was enhanced (119). T lymphocytes 
from the Peyer's patches of non-immunized 
animals also stimulated the IgG production. 

The gastrointestinal tract as immune 
system 

The overview of the morphological and func
tional features of the gastrointestinal tract, is 
followed by the discussion of its protective 
role against the abluminal antigens. Both spe
cific and non-specific immune response act as 
a synergist that forms the first and the second 
lines of defense against foreign agents. Spe
cific response mainly induces tolerance (A), 
while the non-specific one enhances mucus 
production and peristalsis, moving forward 
the contents of the lumen (B) (85, 113). 

A. Local immune response and induction 
of systemic immune tolerance are the main 
tasks of the gut-associated immune system 
(GALT). The first experiments in this field 
indicated that following intragastric adminis
tration of cow milk (6) or corn (129), the re
peated parenteral administration of these sub
stances evoked no reaction. Recent data indi
cate that guinea-pigs fed with dinitrochlo
robenzene exhibited contact cutaneous sensiti
zation (26), while animals fed with oxasolon 
or picrilchloride, both capable of inducing 
contact allergy, failed to induce dermatitis in 
mice (3). The role of T and B suppressor cells 
and suppressor substances produced by these 
lymphocytes might explain the above ex
perimental data. The following information is, 
however, needed to get a deeper insight in 
these pathomechanisms: 

1. The role of sIgA in the specific im
mune response and tolerance. This antibody 
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with molecular weight of 400,000 Daltons is 
made up of two IgA molecules (160,000 Dal
tons each) connected with a J chain (15,000 
Daltons) and an SC molecule (70,000 Dal
tons) (10, 91, 103). Epithelial cells transport 
this molecule into the lumen: at the site of 
mucosal lamina propria Fe receptors bind the 
dime ric IgA molecules and transport them 
into the intracellular space via pynocytosis. 
The free IgA is finally released into the 
lumen, and a part of Fe receptor (SC) still re
mains attached to the molecule. Thus altered 
IgA molecule is unavailable to the proteolytic 
enzymes (Fig. IllS). 

The dimeric IgA molecules produced by 
the GALT and released into the systemic cir
culation are uptaken by the liver. Binding to 
similar receptors, they migrate from the Disse 
spaces into the primary bile canalicules and 
the intestinal lumen (72, 94). In contrast with 
the data of literature, our experiments show 
that the medullar non-dimeric IgA-s fail to 
follow this course of migration (8). It is inter
esting to mention that in gammapathies, the 
anti-idiotype antibodies could identify inde
pendent clone products in the saliva. These 
molecules of different size occurred at very 
low concentrations. 

The analvsis of the absolute values in nlas-

ma and saliva, as well as the ratios between 
the similar, but polyclonal immunoglobulins 
to other immunoglobulins indicates that the 
salivary idiotype positive monoclonal gamma 
globulin was passively transported. Evidence 
exists that the IgA producing plasma cells of 
the bone marrow markedly differ from those 
of the lamina propria even in cases of myelo
ma (67). 

Though the regulatory aspects of the lumi
nal IgA transport remain uncertain, its exist
ence is extremely important. The immune 
complexes are either digested by the prote
olytic enzymes, or are excreted with feces. 
Furthermore, it is assumed that the complexes 
can be absorbed by the intestinal wall being 
split or not split (54) by the complement. Due 
to the latter mechanism the complex is re
cycled in the enterohepatic circulation (100), 
so its hepatic or luminal decomposition would 
be delayed. By this transport mechanism the 
local immune response neutralizes the anti
gens and prevents the development of a sys
temic immune response with non-desired con
sequences (enteral allergy). Besides the above 
mechanisms, a systemic immune tolerance 
can also develop, since oral or intragastric 
antigen exposition induces immune tolerance 
in the non-GALT immune svstem. independ-
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ently of the cellular or humoral character of 
the immune response (26, 36, 78). 

Though the significance of these mechan
isms is still uncertain and the conclusions are 
rather of theoretical character, still tolerance 
occurs only if the experimental animals had 
not received systemic immunization prior to 
the antigen exposition (38). Antrum is the site 
of the primary contact of alimentary antigens 
with the host cells. This contact is sufficient 
to increase the level of the plasma cells and 
mastocytes in the mucosal lamina propria, and 
to increase the MHC II restricted antigen 
presenting cells. These data undoubtedly indi
cate that the antigen recognition occurs not 
only in the antrum. The enterally acquired 
antigens can also reduce the level of the cir
culating antibodies capable of interaction. Im
mune complexes are formed at high rates and 
the organism is finally desensitized. These 
data indicate that the nutritional antigens not 
only affect the systemic immune response, but 
also regulate their own absorption. 

Experimental data show that following en
teral sensitization, the animals uptake only 
about 50% of the original antigen. 

2. Enhanced activation of the IgG spe
cific suppressor cells. The basic mechanisms 
of tolerance were assessed in transfer experi
ments. The cells isolated from the Peyer's pat
ches, mesenteric lymph nodes and spleen of 
the enterally immunized animals were trans
fused into syngenic animals. Following a suc
cessful cell transfer, the same antigen was 
parenterally administered to the host. The 
controls received no enteral antigens; other 
untreated controls were only administered cell 
suspensions from the above mentioned or
gans. The cells of the immunized animals in
duced tolerance in the host. Membrane marker 
analysis proved them to be T lymphocytes (3, 
57). After treatment of these cells with an 
anti-T antiserum the suspension lost its im
mune suppressive properties and failed to 
elicit tolerance. 

B cells can also induce systemic tolerance, 
though their capability is less pronounced: 
antibodies produced by B lymphocytes can 
form immune complexes with alimentary anti
gens, thus the antigens can not further trans
form information to the appropriate spe
cialized cells (128). 

Following an oral immunization of mice 
with sheep erythrocytes a humoral suppressor 
factor appeared in their plasma. Administra
tion of this factor in vivo or in cell cultures 
induced antigen-specific suppressor effect 
(61). Subsequent studies have identified this 
factor as IgA and IgGl> the latter occurring at 
lower levels (2). Therefore, the immune sup
pressive effect of the antigen-specific anti
bodies is mediated by the formation of im
mune complexes (133). Not only the antigens, 
but also the antigen receptors of the cells 
bound to the anti-idiotype antibodies can par
ticipate in the immune complex formation. 
This mechanism can act as a negative feed
back regulation. B lymphoblasts proliferating 
after an antigen stimulus, can activate the T 
inducer cells, which would stimulate the T 
suppressors in a chain reaction fashion (Fig. 
IIj6). 

In summary the tolerance is primarily 
mediated via the T suppressor cells, involving 
both the IgG and IgE antibody production and 
the delayed hypersensitivity (87, 93). Uncer
tainty exists about the nature of the non-cel
lular, non Ig-mediated suppressor factors. 
Anyway, low molecular weight substances are 
identified in supernatants obtained from the 
cultures of specific suppressor cells. Follow
ing treatment of the suppressor cells with anti 
lymphocyte serum, these substances are ab
sent from the supernatant (79). 

The synergism of the specific and non-spe
cific mechanisms is also worth mentioning. 
The latter comprises arachidonic acid, 
biogenic amines, and the metabolites of the 
complement (76). Development of tolerance 
controlling the complex process of the nu
trient absorption is based on the two immune 
mechanisms: T helper cells regulating the 
local restricted immune response and the con
comitantly activated T suppressor cells me
diating the paradox systemic antigen-specific 
tolerance. These findings, as well as the above 
presented data indicate that the T helper cells 
initiate a dimeric IgA response in the lamina 
propria with a subsequent local formation of 
immune complexes. The importance of the 
latter can not be overestimated. Evidence 
exists that at decreased or selectively inhibited 
IgA production free alimentary antigens or 
their complexes with the IgG antibodies occur 



II. Immunology of the gastrointestinal tract 59 

~rQl::~;='''J 
antigen specific p~ 
T supressor ~ """ 

Q (preplasma cell) 

--- cellular 
(MHC II. reactive) 

antigen specific 
T supressor 

[1d;"YP:~J @ MHC I. reactive supressor 
antigen specificity 

~ I humoral cellular 

antiidiotypic Ab 01\- ~ ~ 

Q ~ A"';goo I 

idiotypic supressor cell 

--- Thelper 
antiidiotypic specificity 

non specific 
T supressor 

- Thelper 

(that effective 
on formation place) 

contra supressor cell 

Fig. 11/6 

in systemic circulation (66) thus leading to 
tolerance. Systemic tolerance is mediated via 
the T helper cells activating the T suppressor 
lymphocytes (15, 16, 34, 47, 83, 89, 120). 

Contrasuppression is another factor contri
buting to these complex regulatory process. In 
this case the contrasuppressor-inducers (T cell 
subpopulation), which has been identified in 
animal models, make the T suppressor lym
phocytes to alter their markers turning them 
into helper cells (48, 49, 50,107, 132). This 
subpopulation is formed together with the 
suppressor lymphocytes. 

Finally a very sensitive dynamic balance 
between different lymphocyte subpopulations 
develops: the non-Peyer's plaque suppressors 
playa role of general dampers; cells origina
ting from the Peyer's patches might equally 
behave as selective activators or inhibitors, 
while the contrasuppressors modulate the ac
tivity of both pools. Therefore, due to intra
cellular cooperations, even the results of the 
most accurate in vitro cell preparations aimed 

can easily mislead the researcher in his at
tempts to evaluate there significance in vivo. 

Protective mucosal immunoglobulins have 
other function aside of formation of the im
mune complexes. They are capable, for 
example, of blocking the entrance and absorp
tion of pathogenic organisms and toxic mac
romolecules into the intestinal mucosa (43, 
56). 

ADCC reactions also play in important in 
the mucosal immune reactions. Beside lym
phocytes, which were believed to be the only 
effectors of the ADCC reactions in other or
gans, monocytes, macrophages, eosinophils 
and even mastocytes actively participate in 
these interactions. Mastocytes, however, play 
a specific role in the ADCC reactions. Posi
tive experimental evidence has been obtained 
only with the peritoneal, but not abdominal 
mastocytes. This finding might be of import
ance, since the mast cells of the lamina pro
pria have different morphology, histochem
istry and physiology (5). 
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sIgA (109) (and other molecules) recognize 
the antigen receptors in the ADCC reactions. 
In protozoon or helminth infections eosino
phils function as killers; this ADCC function 
requires IgG or IgE membrane receptors (13, 
14, 17, 18). IgM and sIgA fail to activate eo
sinophils, furthermore, they act as blocking 
antibodies (52, 77, 118). A paradox stimula
tion of the IgG-mediated cellular responses by 
the sIgA antibodies is also documented (5, 7). 

B. The following process, though simple 
and clearly "visible", involves many complex, 
sometimes independently acting mechanisms. 

The human small intestine is 640 cm long 
and weighs about 1-2 kg. 100-150 new cells 
are daily formed in a crypt, totally yielding 
7x 1010 cells or 70 g. In 1000 days the epithe
lial loss (apoptosis), due to regeneration pro
cesses, equals to an average body weight (73, 
105). This loss, however, does not mean any 
real loss of body weight (55). The acidophilic 
gland cells, Paneth cells and the mucin secret
ing (Goblet) cells are the main constituents of 
the Lieberkuhn crypts. The base of the crypt 
consistes of a ring of stem cel\s that replace 
the losses due to apoptosis (106). These spe
cial\y differentiated Paneth cel\s give rise to 
the so-called enteroendocrine cel\s. Lympho
cytes also migrate to this region (27, 104, 
108). The T lymphocytes, as well as the cells 
originating from the LP secrete Iymphokines 
thus stimulating the stem cells. This direct ef
fect of the immune system on the epithelial 
cel\s enhances mucus secretion. Experimental 
evidence in favor of this view is the enhance
ment of mucus secretion in the repeatedly in
fected animals, due to hyperplasia of the thy
mus-dependent Goblet cells (5). The actual 
mechanism is, however, more complex, and 
also involves indirect mechanisms, for 
example a reagin (IgE)-mediated histamine 
release. IgE is always present because the 
lamina propria contains IgE-producing plasma 
cells (99). Furthermore, in 20% of sterile ani
mals the mononuclear cel\s of the Peyer's pat
ches carry IgE, while these markers scarcely 
occur on the cell membranes of the animals 
kept under normal conditions (66). "Normal 
conditions" imply continuous sensitization 
with a subsequent IgE response. Under these 
conditions IgE molecules bind to the masto
cytes promoting histamine release after a re-

peated antigen stimulus. The final result is the 
enhanced secretion of mucus (5, 7). 

In summary, the complex interactions men
tioned in this chapter support the idea of 
Goethe: 

Achtzig Prozent des Gliicks eines 
Menschen liegt in seinen Darmen. 
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