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In Chapter 19, Schreiber and Nikolaus discuss the immunology of the intestinal 
mucosal defence system. This is embellished by Zbar and Karayiannakis in their 
overview of the gut immune compartments, demonstrating the complex but 
ordered arrangement of adhesion molecules expressed by circulating effector cells 
and reciprocal address ins located on specialized post-capillary venules. It has 
been demonstrated both in pre-clinical models and in certain clinical conditions 
that gut stimulation may modulate the stress response, affecting both perme
ability and the mucosa-associated immune system. This intestinal barrier function 
is pivotal in order to prevent an uncontrolled invasion by foreign proteins and 
haptens, including microbial and dietary antigens. This barrier is based on the 
integrity of the epithelial layer and the effective exclusion of intestinal toxic and 
infectious pathogens by the mucosa-associated immune system of the gut known 
as the Gut Associated Lymphoid Tissue or GALT as described in this chapter. 

The integrity and function of the GALT are regulated by the route and type of 
nutrition, in part through neuropeptides secreted by either the enteric nervous 
system or other neuropeptide-containing cells within the mucosa. It has been 
demonstrated that lack of enteral feeding (providing caloric intake via the intra
venous route) results in a significant reduction in the GALT cell mass (mainly 
within the Peyer's patches, lamina propria and intraepithelial spaces) and con
sequent reduction of intestinal and respiratory IgA levels as well as in local CD4/ 
CDS ratios [1,2]. There is now a cumulative amount of data indicating that pro
longed parenteral nutrition results in mucosal atrophy, reduced IgA production, 
increased bacterial overgrowth and loss of mucosal defenses against bacterial 
invasion, while extraintestinal sites (such as the peritoneal cavity and respiratory 
tract) are also adversely affected. The above observation becomes clinically rele
vant in critically ill intensive care unit patients, where the specifics of the enteral 
diet, (namely the supplementation with dietary arginine, trace elements and 
omega-3 fatty acids), preserves peripheral lymphocyte and monocyte function 
when compared with unsupplemented enteral feeding [3]. This pre-clinical effect 
has also translated into a reduced incidence of observed septic complications and 
nosocomial infections when both enteral and supplemented enteral feeds are used 
in the critically ill ICU patient [4-6]. Although these effects are also associated 
with improvements in subclinical lymphocyte parameters such as HLA-DR 
expression, this has not always correlated with reduced hospital stay or mortality 
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in critically ill cases [7-9]. This effect of an enriched enteral formula has been 
shown in the clinic to improve the normal post-operative depression of lympho
cyte function (as measured by phagocytic indices and respiratory burst activity) 
as well as to preserve gut mucosal function, microperfusion and mucosal oxygen 
metabolism in patients undergoing major cancer surgery [10]. This has also been 
associated with a reduced hospital stay and infective complications in elective 
colonic, gastric and pancreatic cancer patients undergoing major resectional 
surgery who receive an immune-enhanced enteral diet [11]. These subtle effects 
on monocte function may act, however, as a two-edged sword, since over exuber
ant macrophage function may be central in the pathogenesis of adult respiratory 
distress syndrome (ARDS) and systemic inflammatory response syndrome (SIRS), 
with arginine-enhanced diets possibly priming otherwise down-regulated macro
phages. In these analyses, the timing of administration, the exact make-up of 
immune-enhanced enrichment diets, dosing and the clinical circumstances where 
these diets are most likely to be beneficial, require further study. 
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In Chapter 20, Chadwick and Jewell outline the cascade of inflammatory events 
presumably initiated by antigen in diverse animal models as an explanation of the 
aetiopathogenesis of inflammatory bowel disease (lBD). These processes effec
tively induce inflammation of both non-specific and specific types across the 
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mucosa by the release of cytokines, chemokines and other pro-inflammatory 
markers as well as by activation of secondary antigen-presenting cells [1]. 
Although there is a relative polarization of Thi and Th2 responses in animal 
models, the situation in humans is less distinct. In Crohn's disease there is a pre
dominance of Thi responsiveness, but although humoral immunity is more 
dominant in ulcerative colitis, there is less evidence for a Th2 pattern and it is 
also unclear whether cytokine profile at disease initiation differs from that in 
well-established disease as a primary or secondary phenomenon [2]. 

In IBD in general, a variety of autoantibodies have been differentially asso
ciated with the diagnoses of both Crohn's disease and ulcerative colitis, but 
although non-specific, they are more commonly encounterd in IBD than in other 
inflammatory diseases of the GI tract to suggest that they are entirely secondary. 
These agents include anti-Saccharomyces cervisiae antibody (ASCA) particularly 
noted in Crohn's disease which has familial aggregation and perinuclear anti-neu
trophil cytoplasmic antibody (pANCA) which is detected in ulcerative colitis. 
Other colitis-associated antibodies include anti-endothelial cell antibody (AECA), 
antiepithelial autoantibody (the Das antibody) and anti-p40. Those detected in 
Crohn's disease include pancreatic autoantibody (P AB) and anti -erythrocyte auto
antibody, AEA-I5 [3]. It appears that combinations of antibodies are more 
specific for diagnoses particularly in difficult cases of isolated Crohn's colitis with 
atypical features in order to distinguish this from other colitides. Unfortunately 
the ASCA levels in many such cases are quite low with poor test sensitivity and it 
is unclear at present whether these tests are as useful in the early (as opposed to 
the established) stages of disease [4]. 

TNF appears to be a final common pathway mediator in Crohn's disease as 
discussed in this chapter, resulting in the activation of macro phages (which 
produce IL-I2 and IL-I8 necessary for Thi cell differentiation), the provision of a 
co-stimulatory signal augmenting T cell responses, the induction of adhesion 
molecule expression and invoking pro-coagulant effects by the release of nitric 
oxide, platelet-activating factor and prostacyclin. It may also participate in metal
loproteinase expression enhancing mucosal breakdown. Improved understanding 
of these pathogenic mechanisms has opened up new avenues for therapy and 
immune modulation in IBD. Recently healing of Crohn's-related fistulae has 
emerged as a particular goal of therapy worthy of separate consideration. In their 
chapter Chadwick and Jewell discuss the immune effects of conventional thera
pies. The use of metronidazole and the quinolones have significant immunomo
dulatory effects on peripheral lymphocyte cytokine production and 
corticosteroids equally diminish host production of the pro-inflammatory cyto
kines and chemokines as well as NF-KB, interfering with a variety of leukocyte 
functions; most notably adherence, chemotaxis and phagocytosis. 

The thioguanine derivatives 6-Mercaptopurine (6-MP) and Azathioprine (AZA) 
have been discussed in Chapter 6 but these have specific effects on the pro
liferative activity of mitotically active lymphocyte populations as well as directly 
inhibiting cytotoxic T cell and NK cell function. In particular, the metabolism of 
the final active agent 6-thioguanine (6TG) is through thiopurine methyltransferase 
(TPMT) where heterozygous and recessive TPMT genetic variation results in a 
dose-dependent leukopenia despite high rates of remission [5]. In addition to 
pharmacogenomic testing of this type to determine drug sensitivity, it may be 
that TNF-resistant patients are predictable by the expression of TNF-a micro
satellite haplotypes due to TNF promoter region polymorphism [6]. Methotrexate, 
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which is occasionally used in steroid-resistant Crohn's disease as well as impair
ing DNA synthesis through inhibition of dihydrofolate reductase, also decreases 
the generation of IL-l and induces T cell apoptosis [7]. The chemistry of Cyclos
porine is well discussed in section 2, however, in IBD rapid response to this drug 
may act as a bridge to longer term immunomodulation with conventional agents 
such as 6-MP and AZA [8]. 

Recently a series of biological response modifiers have been approved for use 
particularly in complicated and steroid-resistant Crohn's disease. Given the fast
track approval of some of these agents, there is at present a surprising paucity of 
data concerning their safety and long-term effects as well as a clear guide to their 
clinical indications and use. These include Infliximab (Remicade), a chimeric 
IgGI monoclonal anti-TNF antibody which has shown considerable recent success 
in fistulating Crohn's disease [9]. Its secondary effects may also be through com
plement fixation and inhibition of antibody-dependent cellular cytotoxicity 
(ADCC). Delayed-type hypersensitivity reactions experienced by some patients 
appears to correlate with circulating human anti-chimeric antibody levels, but 
somewhat worrisome is the reporting in a very small number of patients receiving 
Infliximab in clinical trials for both Crohn's disease and severe rheumatoid 
arthritis of a supervening lymphoproliferative disorder [10]. 

Because of the immunogeneicity of monoclonal antibody therapy, other anti
TNF strategies have therefore been employed. CDP571 is a humanized IgG4 
anti-TNF-cr antibody which has recently been studied in Crohn's disease. Its theo
retical advantage is its humanized nature, however, its potential disadvantage is 
the fact that as an IgG4 isotype immunoglobulin it should not affect complement 
function or ADCC, which will possibly affect the durability of CDP571 therapy 
[11]. The recent success of anti -TNF strategies in Crohn's disease has led to an 
interest in Thalidomide, a drug infamous for its teratogenic potential. There have 
been two small studies of its use in Crohn's disease suggesting benefit, with its 
other immunomodulatory effects acting through inhibition of neutrophil function 
and the attenuation of angiogenesis [12-15]. Derivatives of Thalidomide (such as 
CC-3052) have recently been created with fewer adverse side-effects for selective 
anti-TNF efficacy [16]. Other methods of specific and non-specific TNF inhibition 
include the use of metalloproteinase inhibitors, antagonists of TNF convertase 
enzyme and etanercept, a genetically-engineered fusion protein combining the 
p75 TNF receptor isoform with an IgGI-Fc receptor [17]. Other antibody approa
ches include the use of humanized anti-cr4-integrin antibody which is designed to 
disrupt the binding of cr4~1 found on most monocytes and lymphocytes to 
VCAM-l expressed on GALT endothelium. This has recently begun clinical trial
ling [18]. 

Cytokines have also been employed in clinical IBD practice with disappointing 
results using recombinant human IL-I0, designed to suppress Thl cytokine gen
eration and differentiation of Thl cells [19]. Recombinant human IL-ll has also 
shown benefit in patients with active Crohn's disease not receiving steroids. This 
cytokine is a member of the IL-6 family which promotes mucosal integrity in 
animal radiation and chemotherapy colitis models as well as in other traditional 
models of colitis [20,21]. Replication-deficient viral vectors which express immu
noregulatory cytokines such as IL-4 and IL-I0 as well as genetically-engineered 
molecules (IKB) which inhibit pro-inflammatory cytokine transcription are at 
present being developed [22]. 

There has been a recent explosion of new therapeutic approaches in IBD which 
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have included the use of conventional immunosuppressants in active inflamma
tory bowel disease; notably tacrolimus (FK506) and mycophenolate mofetil 
[23,24] as well as anti-sense oligonucleotide therapy (such as ISIS-2302) directed 
against the translation of ICAM-1 [24] and anti-sense anti-NF-KB therapies 
[25,26]. Resistance to T cell apoptosis, (which has been demonstrated in active 
Crohn's lesions), has been attributed to IL-6 signalling (either via its IL-6 receptor 
or through trans-signaling without receptor recognition). Targeted anti-IL-6 
receptor therapy and fusion proteins of the ~-subunit (gp 130) of the IL-6 recep
tor with the Fc portion of human IgG 1 appears to inhibit natural IL-6 signaling 
via its receptor, stimulating local T cell apoptosis and potentially reducing the 
chronicity of Crohn's lesions [27,28]. Current studies are assessing the role of 
other specific immunomodulators such as growth hormone (GH) which promotes 
healing of experimental colitis in GH-transgenic mice, G-CSF which is efficacious 
in Crohn's perianal fistulae, proliferator-activated receptor (PPAR)-y ligands 
(which inhibit pro-inflammatory transcription factors and NF-KB) and matrix 
metalloproteinase inhibitors designed to restrict T cell cytokine release [29]. 

The changing ecology of the human GI tract through the greater exposure to 
antibiotics, improved hygiene and vaccination strategies may have relevance in 
the progressive increase in immune-mediated gastrointestinal diseases in Western 
society, including IBD. Probiotic therapy amounts to the administration of 
healthy normal gut microflora to promote gut barrier function, provide matura
tional signals to the GALT and to balance pro-inflammatory and regulatory cyto
kine production at the mucosal level. This approach using Lactobacillus and 
Bifidobacter strains has been successful in attenuating experimentally-induced IL-
10 knockout colitis [30], where it results in decreased intestinal myeloperoxidase 
production and endotoxemia. Recent trials have suggested a role in human colitis 
resistant to 5-ASA compounds and in post ileo-anal pouchitis [31,32]. It would 
appear to be too simplistic to expect single probiotic therapy to be universally 
successful in IBD, with a likelihood that its administration may need to be 
changed in individual patients during the course of their disease. There are many 
unresolved issues in their use; namely strain selection, dosage, frequency of 
administration, optimal delivery and the most desirable delivery vehicle for use. 
More recently, the scope of probiotic therapy has been advanced by the delivery 
of genetically-modified bacteria in particular engineered to secrete IL-1O, however, 
the safety of such therapy and its ability to cross-infect the normal population, 
needs careful study [33]. 
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In Chapter 21, Drs Pan, Portlock and Karpeh discuss the new classification 
systems of GI lymphoproliferative disorders and their presentation to the general 
surgeon particularly in the context of clinical immunosuppression. The classifica
tion of these tumors has been improved by standardization of a panel of mono
clonal antibodies characterizing leukocyte antigens which are closely linked to 
cytologically distinct B cell phenotypes including the mantle zone, the extra
follicular compartment, the follicle center and plasma cell compartments [1]. 
Many studies have reported few cases of retrospective non-randomized patients 
and have lacked uniformity in histologic classification, clinicopathological vari
ables or types of treatment. Equally they have been set in an era before the recog
nition of MALT as the origin of most GI lymphomas and the utilization of the 
Isaacson classification system following the general principles set up by the Kiel 
group [2,3]. The effectiveness of combination chemotherapy in advanced disease 
has forced a reconsideration and re-evaluation of the surgeon's role in early cases, 
perhaps affording a salvage in patients where complete remission is not achieved 
by initial chemotherapy and H. pylori eradication [4]. 

Non-Hodgkin's lymphoma (NHL) of the GI tract accounts for between 4-20% 
of all NHL and is the commonest site of extra-nodal presentation. As the stomach 
is the most frequently involved organ in the GI tract, the general surgeon will 
encounter this tumor particularly in complex patients with risk factors for GI 
lymphoma development, most notably immunosuppression after solid organ 
transplantation and HIV disease, as well as in patients with long-standing celiac 
and Crohn's disease. A significant proportion of these tumors are of relatively low 
grade histology arising from mucosa-associated lymphoid tissue and associated 
with H. pylori infection. In many cases, complete regression is possible following 
simple H.pylori eradication [5]. Distinct clinical entities encountered in the small 
bowel include primary intestinal T-cell lymphoma, immunoproliferative small 
intestinal disease and multiple lymphomatous polyposis which are described in 
this chapter. The latter in particular is a distinct clinical entity with a specific B 
cell phenotype (pan-B+,CD5+,CDI0-) and genotype (Bcl-l rearrangement) which 
is the intestinal counterpart of mantle cell lymphoma and which when recognized 
has an improved prognosis with aggressive therapy incorporating anthracycline
containing multi-drug regimens, high-dose radio-chemotherapy and stem cell 
autotransplantation [6]. 

High-grade B-cell NHL is the second commonest tumor affecting the HIV+ 
population and the incidence of the tumor is not declining despite the introduc
tion of highly active anti-retroviral therapy (HAART). This has been accom
panied, however, by a generally lower peripheral CD4 cell count at diagnosis, an 
increase in the diffuse large-cell variant and in primary CNS NHL in patients with 
clinical AIDS [7-9]. These tumors are almost always EBV-associated where in 
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vivo infection of B lymphocytes with the EBV results in a broad expression of 
immunodominant viral latency genes as a viral reservoir in resting B cells. This 
opens up the prospect of EBV -directed T cell therapies in such patients as well as 
in post-transplant lymphomas particularly following bone marrow transplantation 
[10]. 

Post-transplant lymphoproliferative disorder (PTLD) as discussed in this 
chapter, is substantially increased in adults and children following a range of 
solid organ transplant types (kidney, heart, heart-lung and liver) and although 
many forms are non-EBV-associated, monitoring of EBV-infected lymphocytes 
(EBV DNA load) may identify some patients at risk for the development of PTLD 
[11-14]. The incidence of PTLD is not clearly associated with particular immuno
suppression regimes and many of these patients, despite monitoring, present with 
advanced disease and have a generally poor outcome. The optimal approach to 
therapy including immunosuppression reduction, anti-viral therapy (where 
appropriate), anti-CD20 monoclonal antibody administration and conventional 
chemotherapy is somewhat unclear. General surgeons have a diminished role 
today in the staging and management of NHL, but they are seeing more compli
cated presentations of lymphoma in severely immunocompromised patients who 
have undergone complex forms ofchemoimmunotherapy. 
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