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ABSTRACT: Thirty years of research on the role of immune-mediated cytotoxic 
activity in the tissue in Jury of inflammatory bowel disease (IBO) has yielded only 
inconclusive data on the relevance of cytotoxic mechanisms. Two hypolheses 
have heen advanced. One is that the destruction of target cells 1s mediated by 
direct recognition of target antigens by cytotoxic cells which in tum triggers lysis. 
Another hypothesis is that lysis occurs via an indirect bystander mechanism in 
which cells do not recognize a specific antigen on the target, hut upon nonspecific 
activation release cytokines which are capable of lysing the target. The authors 
have investigated both hypotheses and studied the role of cytotoxic T cclb and 
cytotoxic r ctors released from acttvated T cells in the destruction of epithelial 
cells. Elevated levels of cytotoxic T cells were found in penpheral blood lym
phocytes of patients with IBO, particularly Crohn's disease. The cytotoxic T cells 
were contained within the Leu 7+, CDS+ T cell subset and were detected using 
anci-CD3-triggered lys1s. Increased cytotoxic T cell activity was also present 
within inflamed mucosa of patients with both Crohn's disease and ulcerative 
colitis. The specific targets of lhis activity have yet to be determined. Acnvation 
of mucosa! T cells by antibodies to lhc T cell receptor (anli-CD3) m organ culture 
of normal fetal jejunum induces an enteropathy characterized by villous atrophy 
and crypt cell hyperplasia. This same change is seen near aphthous ulcers in 
patients w1th Crohn's disease. Soluble cytokines produced by T cells might be 
responsible for the mucosa! damage observed in these two models of mucosa! 
injury. The goal of this study was to establish in vitro if cytotoxic cytokines can 
be released by triggering isolated colonic T cells, and what cytokine interactions 
are required for killing of colonic epithelial cells. These results demonstrate that 
human lamina propria lymphocyte T cells, triggered by addition of anti-CD3 and 
target cells, produce tumour necrosis factor-alpha and interferon-gamma, both of 
which are required for optimal killing of HT-29. Simultaneous release of these 
cytokmes in the vicinity of epithelial cells during immune responses could play 
an important role in mucosa! damage in IBO. The development of animal models 
and long term cultures of epithelial cells will allow many advances in research of 
the role of immune-mediated cytotoxicity in IBO. Can J Gastroenterol 
l 990;4(7):278-284 (pour resume, voir page 279) 
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TIIE UNDER! YIN<, EVENTS THAT 

trigger or perpetuate mucnsal 
damage in Crohn 's disease and ulcera
tive colitis have not been defined. As 
yet, the target of the immune attac.k has 
not been determined, a lthough the 
epi thelia l cell is thought to be the likely 
candida te. The role of immune cytn· 
toxic mechanisms 111 epithe lial mJury 
has been a focus of investigat ion for 
almost 30 years. Two pathways of im
mune-mediated killing have been 
proposed. The direct pathway depicted 
in Figure I , or 'autoimmune' damage, 1, 

based on the recognition of a select 
antigen on the target tissue by any of 
several effector mechanisms within the 
immune system. The mechanism of tar
get killing could be either complement
mediated lysis or anugen-triggereJ 
lysis. Cells could recognize antigens m 

conJunction with ma1or histocom
patibiltty antigens, such as cytotox ic T 
cells, or through direct antigen recogni
tion hy a variety of effector cell types, 
ie, T cells, na tural killer cells, killer 
cells which become functional only 
after exposure to mterleukin-2, or lym
phokine-activatcd killer cells. 

A second pathway, also known as 
the 'innocent hystander' attack is il
lustrated in Figure 2. This pathway 1s 

based on a defect in immunoregulauon 
a llowmg a cascade of uncontrolled im
munologic events. There is no specific 
recognition of antigen on a target cell, 
but the release of 'cytotoxic' soluble 
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Cytotoxicite anticorps dependante clans les maladies 
inflammatoires de l'intestin 

RESUME: Trente annees de recherche consacrees au role de l'activire cytotoxi
que anticorps dependante clans les lesions de la muqueuse caracteristiques des 
maladies inflammatoires de l'intestin (Mil) n'ont fourni que des donnees peu 
concluantes sur la rertinence des mecanismes cytotoxiques. Deux hypotheses ont 
ete proposees: que la destruction des cellules cibles est provoquee par la recon
naissance directe des antigcnes cibles par les cellules cytotoxiques qui 
declenchent a leur tour la lyse; et que la lyse survient par le biais d'un mecanisme 
indirect ou les cellules ne reconnaissent pas d'antigene specifique mais, apres 
activation non specifique, liberent !es cytokines en mesure de lyser la cible. Les 
auteurs ont erudie les deux hypotheses et examine le role des cellules T cytotoxi
ques et des facteurs cytotoxiques excretes par !es cellules T accivees lors de la 
destruction des cellules epitheliales. Ils ont note des concentrations elevees de 
cellules T cytotoxiques dans les lymphocytes du sang peripherique des patients 
porteurs de Mil et de maladie de Crohn surtout. Les cellules T cytotoxiques se 
trouvaient clans le sous-groupe de cellules T: Leu 7 + et CD8+, et ont ete deteccees 
utilisant la lyse declenchee par l'anti-CD3. L'accivite accrue des cellules T 
cytotoxiques etait egalement presence au sein de la muqueuse des patients 
porteurs de maladie de Crohn et de col ice ulcereuse. Les cibles specifiques de cette 
activite sonc a determiner. L'activacion des cellules T de la muqueuse par les 
anticorps et envers le recepteur de la cellule T (anti-CD3) clans la culture 
d'organe provenant de jejenum foetal normal provoque une enteropathie 
caracterisee par une atrophic villeuse et une hyperplasie des cellules crypciques. 
Cette meme modification est visible pres des ulceres aphteux chez les patients 
atteints <le maladie de Crohn. Les cytokines solubles provenanc des cellules T 
pourraient ecre responsables des Lesions observees dans Les deux modeles etudies. 
L'etude visait a determiner in vitro si !'activation des celluLes T coliques peut 
entrainer la Liberation des cytokines cycocoxiques et quelles sont les interactions 
des cytokines necessaires a la destruction des cellules epitheliales coliques. Selon 
!es resuluus, !es celluLes T humaines, activees par L'ajouc d'anti-CD3 et de cellules 
cibles, liberent le facteur de necrose tumorale alpha et !'interferon-gamma, tous 
deux necessaires pour la destruction optimale du HT-29. La liberation simultance 
de ces deux cytokines a proximite des cellules epitheliales au cours des reponses 
immunitaires pourrait jouer un role important clans !es lesions muqueuses des 
Mil. L'elaboration de modeLes animaux et de cultures a long terme des cellules 
epitheliaLes contribuera aux nombreux progres des recherches portant sur le role 
de la cycocoxicice ancicorps-dcpendante dans les MIi. 

factors from cells. T cells reaching co 
multiple or select antigens in an uncon
trolled fashion in the vicinity of the 
epithelial cell could cause lysis of such 
targets directly, as well as recruitment 
of other cell types and secretion of 
other factors. 

Several investigators have reported 
lymphocyte-mediated cytotoxicity 
against epithelial cells in both Crohn's 
disease and ulcerative colitis (1-1 l) . 
Lymphocyte-mediated cyromxicity hc1s 
been shown using peripheral blood 
lymphocytes and intestinal mono
nuclear cells. Antibody-dependent cel
lular cytotox1ctty, in which 
lymphocytes are triggered by antibody 
directed against an antigen on 
epithelial cells, is the apparent 

mechanism (3-8, 11 ). The cytotoxic 
reaction occurs only with colonic, and 
not small howel, epithelial cells - even 
in patients with Crohn's disease limited 
to the small intestine. Therefore, not 
all lesions of Crohn's disec1se can be 
characterized by this example. Inter
pretation of these findings is compli
cated due co potential limitations of 
some of the experiments, as freshly iso
lated epithelial cells are labile and un
rel iahle as target cells ( 12). When cells 
are isolated from inflamed tissue, the 
problem may be compounded and com
parisons inherently biased. 

Erythrocytes coated with epithelial 
antigens have also been used to study 
epithelial autosensitization (13-14). 
When injected with adjuvant, soluble 
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epithelial cell antigen complexes iso
lated from rat and murine colon and 
intestine induced organ-specific in
flammation (15). These antigens, 
bound to indicator cells (chicken 
erythrocytes), were found to be lysed by 
peripheral blood and lamina propria 
lymphocytes from patients with 
Crohn's disease and ulcerative colitis, 
but not in samples from control sub
jects ( l3). Erythrocytes labelled with 
purified kidney epithelial antigens were 
resistant co lysis; therefore, the 
cytotoxic reaction was specific for gut
associated epithelial antigens. Direct T 
cell cytotoxicity appeared to be in
volved when intestinal lamina propria 
lymphocytes were tested, although the 
mechanism of lysis was antibody-de
pendent cellular cytotoxicity when 
peripheral blood lymphocytes were the 
effector cells ( 13 ). The low levels of 
lysis observed, the unusual cytotoxicity 
curve, and the requirement in classical 
cytotoxic T cell killing that the target 
antigen be presented to the effector cell 
in association with the major histo
compatibility complex ( MHC) ( 16, 17) 
render the significance of these find
ings uncerta in; reactions against 
epithelial antigens on the surface of 
chicken erythrocytes cannot be MHC
restricted. Several studies have high
lighted antibody-dependent cellular 
cytotoxicity (8, 11, l 2) , yet wherher iso
lated intestinal mononuclear celb can 
mediate this cytoroxicity is controver
sial ( 18-22). The influence of enzy
matic isolation procedures on 
lymphocyte and Fe receptor function 
might account for the difference in 
results (23-25). 

Certain tumour and virally infected 
cells appear to be targets of natural 
killer cell cytotoxic activity. The 
peripheral blood of patients with 
Crohn's disease and ulcerative colitis 
has been shown to have decreased 
natural killer cell function, probably 
secondary to the inflammatory process 
(26-28). (le is known that plasma from 
the mesenteric vein of patients wiLh 
intestinal inflammation inhibits 
natural killer cells 129].) Because of the 
low numbers and low levels of activity 
in unfractionated cell preparations 
from normal or inflamed intesunes, 

279 



TARGANetal 

Fe Receptor 

\ Antibody 

~--,::::::::::: Antigen 

TARGET 
CELL 

Figure 1) Mucosal immune effecwr mechanisms that hatie been proposed as possible mediators of a 
direct specific atlilCk against the putauve target cell in inflammatory bowel disease. These might be 
generated either in response to an altermion in the target cell, to an external agent, or to a breakdown 
m mucosal immune tolerance co normal host epithelinl cells. ADCC Annbody-dependenc cellular 
cycotoxicity ; MHC Ma1or hmocom/xwbihty complex; CTL Cytotoxic T lymphocyte, NK Natural 
killer cell; LAK Lymphocyte activated killer cell 

RBsponse to Antigen 

© RBCruitmBnt of 
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Figure 2) Tissue damage vin a nonspecific indirect or 'innocent bystander' arlilCk. A disorder of 
mucosa! 1mm1me regulation leads to uncontrolled overreact1v1ty to a variety of exogenous anagens. 
The increased /rroliferauon of lymphocytes with release of cywkines results in recruitment of additional 
mflammatory medtators such as prostaglandins (PG) and leukomenes (LTB4) mto the mucosa 
amplifies the m.flammatory response and leads w local tissue damage. PAF Platelec-ac11vating factor; 
PMN Polymorphonuclear leukocytes 

studies of mucosa! natural killer cells in 
patients with inflammatory bowel dis
ease (IBO) are difficult to interpret (21-
23,30-34 ). Therefore, direct natural 
killer cytolytic effects are not thought 
to be important in intcrnnal disease 
(35 ). Dismissal of natural killer cells on 
a numerical baMs, however, may be in-

appropriate, because the number of 
cells required for effective tumour and 
viral infection surveillance and im
munoregulation in vivo is not known 
(36). 

Human mucosa! lymphocytes and 
peripheral blood lymphocytes cultured 
in the presence of interleukin-2 induce 

lymphokine-activated killer cells (30, 
31,3 7). Since these cells have lytic ac
tivity against both natural killer-sensi
tive and natural killer-resistant target 
cells, they are currently under intense 
investigation for potential use in the 
Lreatment of metastatic cancer, includ
ing colorectal cancer (38). The precur
sors of the mucosa! lymphokine-ac
tivated killer phenomenon are CD16' 
(30,31 ), unlike the peripheral blood, 
where the majority of lymphokine-ac
tivated killer cells arc generated from 
natural killer cells that are CD16+ (39, 
40). The generation of mucosa! lym
phokine-activated killer cell activity by 
exogenously administered interleukin-
2 is normal in IBO (30,4l). The 
production of interleukin-2 hy 
mononuclear cells from these patients, 
however, is significantly diminished 
under certain conditions in vitro ( 42). 
Ir is possible that defective generation 
of mucosa[ lymphokine-activated killer 
cells due to reduced production of in
terleukin-2 locally might contribute to 
the increased frequency of mtestmal 
cancer m patients with longstanding 
IBO, although the role of lymphokine
activated killers as a defence mech
anism m vivo is not known. 

Little is known of cytotoxic T lym
phocyte function in either the normal 
human mucosa or in the mucosa of 
patients with IBO. T cell cytotoxicity 
has been measured hy mitogen-induceJ 
cellular cyt0tox1city in culture. A 
decrease in T cell cytotoxicity in the 
mucosa of patients with IBO has been 
reported (21,32,43). The nonspecific 
cytocox1city induced by micogens, how
ever, 1s probably distinct from chat of 
specifically in vivo-activated killer 
cells (31.44 ). It is possible that a subset 
of in vivo-activated cytotoxic T lym
phocytes (possibly reactive to self an
ttgens) might coexist with depressed 
(probably secondary to the disease) 
norn,pecific T cytolyt1c function. 

It may still be possible to examine 
indirectly cytotoxic T cells even 
though the antigens responsible for im
mune reactivity in LBD are not known. 
Two functional components, one 
responsible for antigen recogn1uon and 
the other (CD3) responsible for signal 
transducnon, comprise the human T 
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cell antigen receptor ( 17,4 5). Sub
sequent stimulation in vitro with 
monoclonal antibodies to the CDJ 
component of this receptor will trigger 
the cytolytic activity of the cell, if a 
cytotoxic T cell has already been 
primed by' antigen in v ivo. Therefore, 
this technique might be a useful in
direct method for measuring and iden
tifying in vivo-primed cytotoxic T 
lymphocytes when the antigen to 

which they are reacting is not known 
(46). Using this method, the author has 
recently demonstrated the lytic func
tion of freshly isolated cytotoxic T lym
phocytes from uninflamed intestinal 
mucosa (47). He has shown that anti
CD3-triggered peripheral blood lym
phocytes have greater cytotoxic 
activity in patients with IBO than in 
normal subjects (48). The author has 
recently demonstrated that such 
cytotoxic T cell activity is also in
creased in the mucosa of patients with 
Crohn's disease and in many intestinal 
samples from patients with ulcerative 
colitis (49). The clonality of these 
cytotoxic T cells, as well as the targets 
against which they are d irected, are 
currently under investigation. 

The innocent bystan<ler hypothesis 
implies the existence of some defect in 
the regulation of mucosa[ immunity 
leading to an uncontrolled response co 
a variety of exogenous antigens ( virus, 
bacteria or protein). Such an event 
would lead to the generation of effector 
cells within the efferent mucosa[ com
partment or lamina propria, leading to 
release of cytokines and chemotactic 
factors an<l resulting in the recruitment 
of acute inflammatory cells (ie, neutro
phils, eosinophils and mast cells). The 
arrival of these auxiliary effectors is as
sociated with release of various addi
tional mediators such as arachidonate 
metabolites and oxygen radicals which , 
in conjunction with cytokines, are lo
cally injurious in a nonspecific fashion. 
This model hypothesizes a central role 
forcycokines in orchestrating epithelial 
damage. 

Lymphocytes in the lamina propria 
halve been shown to be different from 
lymphocytes in the peripheral blood in 
regard to phenotype ( 4 7) and level of 
activation (50). Since these lamina 

propria cells are constantly exposed to 
foreign antigens, it is important that 
response to challenge be thorough and 
yet restricted enough so that normal 
tissue is not damaged during an im
mune response. When this response be
comes uncontrolled, mucosa[ damage 
occurs, such as char seen in IBO (12), 
celiac disease (51) and other inflam
matory diseases of the intestine. A 
series of recent observations provides 
support for the central role of T cells 
and associated cycokines in nonspecific 
injury to epithelial cells as a possible 
mechanism of tissue injury in IBO. 
Organ culture studies of human fetal 
jejunum have elegantly shown that T 
cell activation using monoclonal anti
boJies to the COJ component of the T 
cell receptor led to a marked entero
pathy consisting of villous atrophy and 
crypt cell hyperplasia ( 52). Villous 
atrophy and crypt cell hyperplasia were 
also demonstrated in the mucosa ad
jacent to aphthous ulcerations in 
Crohn's disease (53 ). 

Many different cytokines are 
produced by various immunocytes 
during an immune response. These 
cyrokines not only react with ocher 
cells of the immune system, but also 
affect the functions of nonimmune cell 
types, such as epithelial cells ( 54,5 5). It 
has been demonstrated chat there is in
creased MHC class II expression on 
epithelial cells overlying inflamed areas 
in IBO tissue samples (54). It has also 
been demonstrated in vitro that recom
binant cytokines, interferon-gamma 
and tumour necrosis factor (TNF)
alpha can induce such expression 
(54,55). 

The author has recently performed 
studies to examine how increased num
bers of 'activated' mucosa! T cells 
might contribute to damage, and 
whether such cyrokines play a role. 
Mucosa! T cells were polyclonally ac
tivated by incubation with anti-CDJ 
monoclonal antibody in combination 
with crosslinking via an Fe receptor-ex
pressing target cell (K562). This treat
ment resulted in secretion of cytokines 
that were cytostatic to the human 
epithelial colon line HT-29. Sub
sequent experiments demonstrated 
chat these supematants were also 
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cytotoxic to the murine fibroblast line, 
L929 and HT-29. Little or no spon
taneous secretion of these cyrokines oc
curred and incubation of lamina 
propria lymphocytes with anti-CD3 
alone resulted in less secretion of 
cytotoxic/cyrosraric cyrokines com
pared to incubation with anti-COJ and 
K562 targets. These results suggest that 
crosslinking of the COJ receptor is 
probably required for optimal triggering 
of cytokine release. 

Specific anticytokine monoclonal 
antibodies were used co determine what 
cyrokines were produced by the trig
gered lamina propria lymphocytes. 
TNF-beta, which one might expect to 
be produced by cytotoxic T cells, is 
either present in low quantities or not 
at all, as shown by the inability of anti
TNF-beta to neutralize supernatant 
cycoroxicicy against L929. However, 
either anti-TNF-alpha or anti-inter
feron-gamma inhibited HF-29 cyto
toxicity induced by lamina propria 
lymphocyte supcrnatants, demonstrat
ing that both cycokines were secreted 
by the lamina propria lymphocytes, and 
both were required for optimal killing 
of HT-29. Further evidence was seen in 
experiments using recombinant TNF
alpha and interferon-gamma, which 
a lso demonstrated chat both cytokines 
were required for optimal killingofHT-
29. 

TNF-alpha and interferon-gamma 
have been shown to be capable effector 
molecules in immune destruction of 
self tissues (56-58). Individually or in 
combination, TNF-alpha and inter
feron-gamma destroyed isolated beta
islet cells in vitro (58). In addition, 
TNF-alpha has been identified in 
lesions from brain tissues of multiple 
sclerosis patients (59). Normal colonic 
epithelial cells may or may not have the 
same sensitivity to these cycokines as 
colonic cell lines. The ability of inter
feron-gamma to up-regulate a variety of 
cellular receptors including those for 
TNF-alpha suggests one mechanism 
responsible for synergism between 
these two cytokines (60). Sensitivity of 
targets to TNF-alpha or interferon
gamma may be related to expression of 
certain antigens or receptors on their 
cell surfaces or effects of viral products 
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Figure 3) Three hy/>0thesized immune abnormalities in inflammatory hawel disease. 1 T cells may be more sensitive w known trrggen of C'ltokmt 
production. 2 T celL~ may be less sensmve w down-regulatory srgnals present m the mucosa/ comparonent. 3 The target cell may he more semruw ro 
rndw,dual effects or combmation.1 of cytokines. LPS L1po/>0lysaccharides; IL Interleukin; TGF Transforming growth factor; l'AF Platelet-acuvarmg 
faccor; PGE2 Prostaglandrn E2; L T84 Leukotricne 84 

on cellular metabolism. This has been 
demonstrated most recently in the 
destruction of virally infecLed human 
targets by lymphokines released from 
cytotoxic T cells ( 61) and the en
hanced I ~s of fibroblasts infected with 
adenovirus by TNF-alpha (62). Thus, 
villous cell atrophy and crypt cell hy
perplas ia seen following polyclonal T 
cell acttvation in fetal Jejunum organ 
culture (53) or Crohn's disease 
epiLhelial change:. could reflecL d iffer
ing responses of the two cell types co 
released cycokines. The present study 
suggests that human mucosa! T cells 
may be involved in indirect cytokine
mediated damage to colonic mucosa 
during local immune reactions and 
could play a role in the mucosa! damage 
seen in IBO. 

Figure 3 portrays several potential 
abnonnalit1es in cytotoxic cycokine 
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