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The subject of mucosal immunity continues to generate considerable 
interest. It is clear that the presentation of antigen to the mucosa, 
especially in the form of replicating virus or live attenuated organisms 
produces a local mucosal immune response. This response is better than if 
the antigens are presented in otherl!~rms, and certainly better than if 
they are presented via other routes • Thus, the experiments performed 
some fifty years ~go on immunization of volunteers against dysentery by 
oral immunization with Shigella organisms, \lhich produced incomplete but 
definite protection amongst those vaccinate, clearly hold up. 

With the understanding that IgA was the predominant immunoglobulin 
of secretions have come attempts to explain this phenomenon. Not sur
prisingly, since 90% of the B cells synthesizing immunoglobulin, e.g. in 
the intestinal tract, appear to be making IgA, emphasis has been placed 
on this immunoglobulin molecule. Most studies involved in characterizing 
immune responses at local mucosal surfaces have focused on IgA, and it has 
become dogma that this is the most important mechanism of protection at 
mucosal surfaces. This indeed may be true, but it has not been cate
gorically proven. Indeed, it would be difficult to do so. There are 
very few clear experiments which support the thesis, by passive transfer 
of immunoglobulin or other means, that IgA is the predominant form of 
protection at mucosal surfaces. It is obvious that IgA must play an 
important role, but whether it is the most important role in terms of 
potentially invasive organisms, still remains to be established. For 
example, the cellular component of mucosal immunity has received consider
ably less attention, and it is less well known and understood how cells 
may involve themselves in provision of protection, at mucosal surfaces. 
Furthermore, the interaction between immune cells and the epithelium, 
and the regulation of so-called non-specific protective mechanisms is both 
poorly studies and understood. 

In view of the fact that mucosal immunity and its principles have 
been well reviewed and discussed elsewhere, and such reviews are readily 
available to the interested reader, we will review f~~e5Pgtentially 
interesting more recent developments in this field. " 

It is well established that lymphoid tissues are innerv,ted, and that 
large amounts of neuropeptides are found in mucosal tissues. Interest 
has been elicited by observations of increased levels of neuropeptides 
such as vasointestinal PolYHeptide (VIP), in the involved tissue, in 
inflammatory bowel disease. We ourselves have been interested in a re
lationsh~P18etween neurotransmitters, nerves and immunity in mucosal 
tissues. ' 
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In this short review, we will attempt to cover this aspect of the 
potential regulation of mucosal immune events, since it is an area which 
has received relatively little attention over the years, and is one which 
may play an important part in protection. Furthermore, with the recent 
observations by Ader and Cohen, and subsequently by others, it has beco'f 
clearer that the central nervous system (CNS) might influence immunity. 
Other experiments have suggested that the immune system itself might 
influence the CNS, but we will not discuss this important area herein. 

In order to put our studies into a better perspective, while the 
reader should go elsewhere for details, we will very briefly summarize 
some prinCiples of mucosal immunity before discussing the possible role 
of nerves and neuropeptides in this system. 

PRINCIPLES OF HUCOSAL IHMUNITY 

As stated before, IgA is the predominant immunoglobulin found in 
mucosal secretions. It is found in the so-called secretory forms, usually 
covalently coupled to secretory component, which acts as the transport 
protein for the dimeric IgA secreted by plasma cells in the tissues, 
across the epithelial cells to their apical surfaces. At the cell surface, 
the molecule is cleaved leaving a portion of the secretory component 
behind in the membrane, and releasing the secretory IgA molecule. The 
molecule in this form is highly resistant to proteolysis and therefore 
particularly suited to the potentially degradative surroundings in which 
it finds itself. The function of the IgA molecule is primarily to inter
fere with binding to surface sites, and thus prevent bacterial colonization 
and viral attachment. Once bound, IgA also seems able to prevent comple
ment lysis and furthermore may cooperate with cells (particularly activated 
macrophages and/or cells of the suppressor/cytotoxic T-cell lineage)120 
produce antibacterial antibody-dependent cell-mediated cytotoxicity. 

LymphOid Aggregates 

The initiation of the IgA response is either in the aggregates of 
lymphoid tissue in the gut (GALT) or the lung (BALT) or in the draining 
lymph nodes. Evidence has been adduced to suggest that the epithelium 
itself, especially if it expresses Ia molecules, as it does when involved 
in inflammatory events, may process antt§en so as to present it in a 
classical form, to T cells and B cells. The extent of processing by the 
epithelium as compared to the lymphoid aggregates is undetermined at the 
present time. There are two not antagonistic views which state that ini
tiation of the immune response therefore can occur in either the lymph 
node or the lymphoid aggregate, but it is in the lymphoid aggregates 
particularly that amplification of the system occurs (secondary immune 
response). 

The M cells overlying the follicular aggregates have the selective 
capability of phagocytosing antigen and passing this into the follicles. 
Lymphocytes migrate from the lymphoid tissue to the draining lymph nodes 
and through the lymphatics to the blood. There seems to be a selective 
localization of lymphocytes, derived from mucosal tissues, within ,~cosal 
tissues, especially those from which they were originally derived. This 
has produced the theory of 'a common mucosal immune system' in which cells, 
for example, of the IgA lineage from the mesenteric lymph node, have a 
tendency to selectively populate mucosal tt~sues such as respiratory and 
GI tracts distal to their point of origin. More recently, it seems that 
this selective mucosal localization is on the basis of molecules expressed 
on lymphocyte cell surfaces, with complementary receptors1gxpressed on the 
endothelium of post-capillary vessels in mucosal tissues. What regulates 
the expression of these molecules is currently under intensive examination. 
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T cell Regulation 

The lymphoid system of mucosal tissues is under intense immune 
regulation. On the positive side, this is through the generation of 17 
helper cells which promote isotype-specteic immunoglobulin synthesis, 
or other T cells known as switch cells, which promote the switch at the 
gene level from expression of IgM to IgA. A number of cytokines are now 
known to be involved in this process of IgA synthesis involving signalling 
between T cells and B cells, and IL-4 and IL-S are particularly involved in 
this promotion of IgA synthesis. 

A third set of T cells appear to be involved in promotion of IgA immune 
responses. These a19 a part of a cellular network known as the contra-
suppressor pathway. These T cells induce suppressor cells which in turn 
suppress suppression of IgA, thus rendering help. 

Obviously, this positive regulation of the mucosal immune system must 
be carefully balanced by a negative effect, and down-regulated. This local 
suppressor concept extends to the whole concept of oral tolerance in which 
antigen presented orally promotes depression or suppression of the immune 20 
response in peripheral systemic tissues, while preserving mucosal responses. 
While it is generally agreed that this is a very complex event, T su~~ressor 
cells generated in the mucosal lymphoid tissue are clearly involved. 

Epithelial Leukocytes 

Within2~he epithelium lie a population of leukocytes most of them 
granulated. These cells are above the basement membrane and have been 
termed intraepithelial leukocytes or lymphocytes (IEL). They represent an 
enormous compartment of lymphoid tissue which, in the intestine alone, 
occupy a volume the size of an average spleen. ~~ny of the cells bear the 
CDS phenotype most commonly associated with suppressor/cytotoxic T cells 
and lack pan-T markers in mice, rats and humans. It is possible that many 
of these leukocytes are indeed not T cells and some evidence has recently 
come forward suggesting that they may be more related to the myeloid lineage 
than to T cells (Croitoru and Ernst, unpublished data). Nevertheless, 
within this population are lymphocytes which have been shown to possess 
natural killer activity against tumors and viruses, contain precursor cells 
for cytotoxic T lymphocytes as weI2~~25the mature cells themselves, and 
mitogen activated cytotoxic cells. j They also contain a population of 
progenitor cells which under the influence of IL-3 differentiate into mast 
cells and have the highest mast cell precursor frequency in the body, higher 
even than that found in bone marrow. 

Mucosal Nerves 

h k "h" I"" " 26 T e nervous networ Wlt In mucosa tlssues lS very extenslve. It 
has been calculated that the number of nerve cell bodies present in the 
gastrointestinal tract is at least equivalent to that found in the spinal 
cord. Neurotransmitters are found in very large amounts in these tissues, 
particularly substance P (SP), VIP and somatostatin (SOH). In addition, 
nerves predominate in T cell zones of lymphoid aggregates, where they 
contain both neuropeptfdes, and especially sympathetic neurotransmitters, 
such as noradrenaline. The blood vessels are surrounded by nerve plex
uses, particularly at the level of post-capillary venules which are sites 
of lymphocyte traffic out of the circulation. Recently our own group has 
demonstrated that intestinal mucosal mast cells appear to bZ7associated 
with enteric nerves lying in very close apposition to them. In view of 
the network of enteric nerves and the fact that twigs from these nerves pass 
into the epithelium in respiratory and GI tracts, it is obvious that neuro
peptides released at these nerve endings could greatly influence the 
function and activity of lymphocytes. 
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Neuropeptide Effects on Lymphocytes 

Many different neuropeptides appear in vitro to have functional effect 
on immune cells such as B lymphocytes, T lymphocytes, natural killer cells 

28-32 . 
Llacrophages and mast cells. The neuropeptides which have recel.ved 
the greatest attention are SP, SOM, and VIP. 

In vitro these appear to have so-called bidirectional effects, having 
different effects at very low concentration to those found at higher concen
trations, but still within physiological limits. Furthermore, the culture 
conditions, dose, time of exposure, organ derivation, etc., all appear to 
exert effect on the responses of such cells to neuropeptides. What is more, 
these effects appear to be cell-cycle dependent, and this may account for the 
developing confusion which is currently found when delving into this litera
ture. It should also be noted that if any effects of neuropeptides are 
found in vivo, which reflect those found in vitro, this does not necessarily 
mean that the same events are occurring as-in vitro, since in vivo a multi
plicity of signalling events obviously occurs between many organs and cells, 
which is only reflected, as the balance of these events, in the read-out 
system. 

Neuropeptide Receptors 

Specific receptors for SP are seen on human lymphocytes, particularly 
T helper cells. In the mouse however, high affinity receptors for SP are 
found both on Band T cells although lymphocytes from PeY~I's patches have 
from 5 to 7 times as many receptors as those from spleen. Receptors for 
SOM are seen on both murine T and B cells but again a greater percentage 
of cells fr~m peyer's patches bind SOM, and here the phenotype is predomi~ 
nantly Lyt2 , indicating the predominance of the suppressor cytotoxic pheno
type of the SOM-bearing cell. 

Neuropeptide Effects in vitro 

Somatostatin inhibits the thymidine uptake of both3~ and T cells when 
stimulated by mitogen (~on A, PHA or pokeweed mitogen). This is interest
ing in view of the Lyt2 phenotype-bearing cell predominance described above 
and may explain the mode of action of SOMe In terms of immunoglobulin 
synthesis, SP tends to stimulate antibody synthesis, while SOM inhibits it, 
as measured either by a radioimmunoassay or reverse plaque forming assay. 
Most interestingly, SP produces an apparent organ-specific (Peyesos patches) 
synthesis of IgA in seven day cultures in the presence of Con A. 

Neuropeptide Effects on Cytotoxicity 

VIP has been shown in vitro to increase human NK activity.33 This 
again was bidirectional since preincubation with VIP caused stimulation, 
whereas coincubation caused an inhibitory effect, not dependent on adenylate 
cyclase activation. Our own recent observations have shown that SP stimulated 
the NK activity of IEL, while producing a minimal effect on NK activity of 
splenic lymphocytes. 

Neuropeptide Effects in vivo 

In order to obtain some information on whether these in vitro pheno
mena had any in vivo significance, we have performed experiments in which 
substance P was administered for seven days via subcutaneously implanted 
mini-osmotic pumps. This allowed serum levels o§ substance P to be attained, 
at a level two to three-fold higher than normal. Cells freshly isolated 
from Peyer's patches and spleen from such animals, as opposed to controls, 
showed an increased proliferative capacity, and furthermore synthesized 
more immunoglobulin, appropriate to the organ derivation as we had seen 
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previously in vitro under the influence of Con A. On the other hand, SOM, 
when infuse~in a similar fashion had an opposite effect to that previously 
seen in vitro, namely it now caused proliferation of cells and increased 
antibody production. This suggests agains that neuropeptides may have dual 
or bidirectional effects as have been noted before, and extensively docu
mented in the endocrine literature (for example, stimulation versus sup
pression of secretion). 

Infusion of SP appeared to regularly promote the increased NK activity 
of cells isolated from the IEL compartm~nt compatible with the in vitro 
findings. 

NEUROPEPTIDES, NERVES AND MAST CELLS 

Since we and oth3~s have shown that neuropeptides can cause degranu
lation of mast cells, and since mast cells are involv33 in axon reflexes 
in the generation of so-called neurogenic inflammation, we have examined 
relationships between mast cells, nerves, and neuropeptides. Extensive 
work IlliS shown that only substance P causes degranulation of isolated mucosal 
mast cells, which differ in a number of ways from their conventional con
nective tissue counterparts o A very careful morphometric study furthermore 
has revealed that mucosal mast cells lying immediately under the epithelium 
are apparently select~vely associated with enteric nerves and that this is 
not a random finding. Ultrastructural observations have shown very 
frequent intimate membrane/membrane contact between nerves and mast cells, 
and similar but not so c~7eful studies have demonstrated such contacts before 
in a variety of tissues. 

We have now performed very extensive observations in vitro on mast 
cell/nerve interactions involving Ussing chambers. Electrophysiological 
measurements have shown that mast cells are involved with nerves in the 
physiological regulation of epithelial cell function and integrity. Other 
observations have led us to the conclusion that this seems to apply also 
in vivo since capsaicin treatment at birth, which depresses or ablates the 
sensory afferent system which contains substance P, has profound effects in 
these model systems. We have concluded elsewhere that mast cells and nerves 
are involved as regulatory units in a variety ~flOocal regulatory events in 
the mucosal tissues of the lung and intestine. ' 

CONCLUSIONS 

There is a large body of literature which suggests that there are 
neur~On1§crine influences on the immune system and this idea is by no means 
new.' Considerable evidence exists for hormonal influence on many 
different aspects of the immune response. Corticosteroids have been well 
characterized in this respect, and it is known that sex hormones, independent 
of the gender of the animal, appear to hav39a significant influence on the 
synthesis and secretion of IgA in the eye. Secretion of intestinal IgA 
has been shown in other experiments to be modulated by chole~~stokinin (CCK) 
infusions which were blocked by atropine or CCK antagonists. The well 
known eff~cts of some of these horm~yes and neuropeptides on post-capillary 
venules, on lymphoblast migration and expression of secret~2Y component 
in sex hormone-dependent situations should also be emphasized. 

It should hardly surprise us therefore that neuropeptides have profound 
effects on lymphocytes, as well as their circulation and migration. It now 
becomes even more clear that an examination of how neuropeptides regulate 
these events, and how these can be harnessed to promote mucosal immunity, 
must become the target for further investigation. It is reasonable to hope 
at the present time that these types of studies will allow the development 
of some new approaches to the regulation of mucosal immunity. 
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