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Background and aim: Matrix metalloproteinases (MMPs) have been implicated in tissue remodelling
and ulceration in inflammatory bowel disease and coeliac disease. Studies to date have concluded that
stromelysin 1 is functionally involved in mucosal degradation. However, there are many other MMPs
whose function in the gut is currently unknown. This work had two aims: firstly, to use gene array tech-
nology to measure changes in MMP and tissue inhibitor of metalloproteinase (TIMP) expression in a
model of T cell mediated injury in the gut, and secondly, to correlate data from gene arrays with that
generated by in situ hybridisation.
Methods: T cells in explants of human fetal gut were activated with pokeweed mitogen or anti-CD3
plus interleukin 12. Gene array analysis and in situ hybridisation were performed to investigate
changes in MMP gene expression.
Results: Both gene array analysis and in situ hybridisation indicated marked upregulation of strome-
lysin 2 and macrophage metalloelastase expression in the explants associated with mucosal
destruction. The arrays also confirmed our previous observation that interstitial collagenase (MMP-1),
stromelysin 1 (MMP-3), and gelatinase B (MMP-9) are upregulated but there was no change in MMP-2,
-7, -8, -9, -11, -13, -14–17, or -19. Following T cell activation, transcripts for TIMPs were reduced.
Conclusions: These results show that there is differential upregulation of MMPs during T cell responses
in the gut and suggest that further studies on the role of stromelysin 2 and macrophage metalloelastase
may show that they have a functional role. In addition, the increase in MMPs and reduction in TIMPs
suggest that the protease/antiprotease balance in the mucosa may determine the extent of mucosal
degradation.

Matrix metalloproteinases (MMPs) are a group of zinc
dependent neutral endopeptidases collectively capable
of degrading essentially all components of the

extracellular matrix (ECM).1 2 The human MMP gene family
contains at least 21 structurally related members. These can be
grouped further, based on their structure and substrate
specificities, into collagenases (interstitial collagenase,
MMP-8 and -13), stromelysins (MMP-3, -7, -10, -11, -12, and
-26), gelatinases (MMP-2 and -9), membrane-type MMPs
(MMP-14, -15, -16, -17, -24, and -25) and other MMPs
(MMP-19, -20, -23, and -28).2 3 They have been implicated as
being of pathological significance in the ECM degradation
seen in rheumatoid arthritis, osteoarthritis, periodontal
disease, atherosclerosis, tumour cell invasion, and
metastasis.4 5 In addition, the activities of MMPs are controlled
in vivo by their natural inhibitors, the tissue inhibitors of met-
alloproteinases (TIMPs).

Despite extensive literature on the role of this group of
enzymes in cancer and wound repair there have only been a
few studies related to disorders of the gastrointestinal tract.
Recently, MMPs have been implicated as one of the main fac-
tors contributing to mucosal ulceration in inflammatory bowel
disease (IBD).6–11 Although these diseases are undoubtedly
caused by excessive immune reactivity in the mucosa, the end
stage effector molecules for mucosal degradation appear to be
the MMPs secreted by cytokine activated stromal cells.12

We have developed an ex vivo model using fetal gut explants
to dissect the mechanism involved in T cell mediated tissue
injury in the gut.13–16 Resident lamina propria (LP) T cells can
be directly activated by lectins such as pokeweed mitogen
(PWM) or a combination of anti-CD3 and interleukin 12 (IL-

12) to produce a T helper cell type 1 response in the LP with

increased production of interferon γ and tumour necrosis fac-

tor α (TNF-α). Histologically, PWM stimulation causes severe

tissue injury with LP degradation and shedding of epithelial

cells. Human fetal intestine does not contain any blood borne

inflammatory cells, B cells, mast cells, or eosinophils, and

therefore it provides an excellent model in which to dissect the

biochemical basis of T cell mediated gut injury. Functional

studies on the mechanism of T cell mediated tissue injury in

this model have already shown the involvement of certain

MMPs, such as stromelysin 1, in mucosal degradation.12 17 18

Furthermore, nanomolar concentrations of activated recom-

binant stromelysin 1 added to fetal gut explants rapidly result

in degradation of the LP.12 The main source of interstitial col-

lagenase and stromelysin 1 in this model is α smooth muscle

actin (α-SMA) positive cells.17

We hypothesise that other MMPs and TIMPs may also be

upregulated in T cell mediated tissue injury in the gut. In this

study, we have therefore used RNA oligonucleotide gene

arrays with probe sets complementary to most of the known

human MMP and TIMP genes to identify which MMPs were

correlated with tissue injury in the gut. We then confirmed the

changes in MMP and TIMP gene expression by in situ

hybridisation.
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MATERIALS AND METHODS
Organ culture of human fetal small intestine
Second trimester human fetal small intestine was obtained

within two hours of surgical termination from the Medical

Research Council Tissue Bank, Hammersmith Hospital (Lon-

don, UK). All specimens used in this study were aged between

15 and 16 weeks of gestation. This study received ethical

approval from the Hackney and District Health Authority

(London, UK).

Culture of human fetal small intestine explants in serum

free medium was performed as previously described.13 14

Mucosal T cells were activated by PWM (10 µg/ml, Sigma

Chemical Co., St Louis, Missouri, USA) or anti-CD3 plus IL-12

(5 ng/ml; R&D System, Minneapolis, Minnesota, USA) at the

onset of culture. All samples were harvested on day 4, at which

point cells are still alive and viable.13 Day 0 tissue samples were

also used to quantify MMP and TIMP baseline expressions.

Gene chip analysis
Total RNA was extracted from at least 100 human fetal intes-

tine explants of each culture condition (unstimulated, PWM

stimulated, and anti-CD3+IL-12) by a single step modifica-

tion of a standard RNA purification protocol using TRIzol rea-

gent (Life Technologies, Rockville, Maryland, USA). The qual-

ity of total RNA was checked and then RNA was further

purified by a poly-A column before gene array analysis. For

each of the samples, 10 µg of total RNA were used to synthe-

sise double stranded DNA using the Superscript Choice

System (Life Technologies). In vitro transcription using double

stranded cDNA as a template in the presence of biotinylated

UTP and CTP was carried out using an Enzo BioArray High

Yield RNA Transcript Labelling Kit (Affymetrix and Enzo

Diagnostic). Biotin labelled cRNA was purified, fragmented,

and hybridised to the HuGeneFL arrays (the Affymetrix

Hu6800 gene chips; Affymetrix, Santa Clara, California, USA

and Enzo Diagnostic, Farmingdale, New York, USA) which

contain probes against 6800 human genes including MMP

1–3, 7–17, -19, and TIMP 1–4. The arrays were washed and

stained with streptavidin-phycoerythrin on an Affymetrix

Fluidic Station and scanned on an Affymetrix GeneArray

Scanner. Data was analysed using Affymetrix GeneChip

Expression Analysis Software (version 3.1).

In situ hybridisation
Production and specificity of the antisense human stromelysin

2, macrophage metalloelastase, collagenase 3, matrilysin,

TIMP-1, and TIMP-3 probes have been described

elsewhere.7 8 19–22 26 A 1240 bp fragment of MT1-MMP

cDNA23 24 was subcloned to a pGEM vector containing an SP6

RNA polymerase recognition element. When linearised with

Bgl II, an antisense RNA probe could be transcribed in vitro

containing 405 bp from 3′UTR of the MT1-MMP cDNA. As a

control for non-specific hybridisation, sections were hybrid-

ised with 35S-labelled sense RNA from a bovine tropoelastin

cDNA. The validity of this probe as a negative control has been

confirmed by northern blotting25 and by in situ

hybridisation26 assays. The cDNAs were transcribed in vitro

using a commercial kit (Promega Corp., Madison, Wisconsin,

USA) and labelled with 35S-UTP, as previously described.27

Following deparaffinisation and rehydration, 5 µm sections
were pretreated with 1 µg/ml of proteinase K and washed in
0.1 M triethanolamine containing 0.25% acetic anhydride.
Subsequently, sections were hybridised with probes (2.5–
5×104 cpm/µl of hybridisation buffer) and washed under strin-
gent conditions, including treatment with RNAse A.25 Auto-
radiography was carried out for 20–45 days. All samples were
processed in at least two experiments and were independently
analysed by two experienced investigators. Samples shown
previously to be positive for stromelysin 2 (chronic wounds),
macrophage metalloelastase (sarcoid granulomas), colla-
genase 3 (squamous cell carcinomas), matrilysin (sweat gland
tumours), MT1-MMP (breast cancers), and TIMP-3 (colon
cancers) were used as positive controls.

Immunostaining
Immunostaining was performed using the avidin-biotin-

peroxidase complex technique on sections parallel to those

Table 1 Gene array analysis and in situ hybridisation of matrix metalloproteinase (MMP) and tissue inhibitor of
metalloproteinase (TIMP) genes in day 4 human fetal gut explant cultures

MMP

Gene array analysis In situ hybridisation*

PWM (fold
change v
controls)

αCD3+IL-12 (fold
change v controls)

Performed in this
study Control PWM αCD3+IL-12

Collagenase 1 (MMP-1)† 3.8 2.6 Yes − +++ +
Gelatinase A (MMP-2) −1.1 1.6 No ND ND ND
Stromelysin 1 (MMP-3)† 8.2 5.7 Yes + +++ ++
Matrilysin (MMP-7) −1.9 −2.0 Yes − ++ +
Neutrophil collagenase (MMP-8) −1.4 1.0 No ND ND ND
Gelatinase B (MMP-9) 6.2 5.5 No ND ND ND
Stromelysin 2 (MMP-10) 4.0 2.6 Yes − +++ ++
Stromelysin 3 (MMP-11) −1.1 1.1 No ND ND ND
Macrophage metalloelastase (MMP-12) 11.9 7.3 Yes + +++ ++
Collagenase 3 (MMP13) 1.2 1.5 Yes − − +
MT1-MMP (MMP-14) −1.0 −1.2 Yes + + +
MT2-MMP (MMP-15) −1.4 −1.0 No ND ND ND
MT3-MMP (MMP-16) −1.7 −1.4 No ND ND ND
MT4-MMP (MMP-17) 1.7 2.7 No ND ND ND
MMP-19 −1.2 1.1 No ND ND ND
TIMP-1 −1.4 −1.1 Yes +++ + +
TIMP-2 −1.0 −1.1 No ND ND ND
TIMP-3 1.5 1.1 Yes +++ + +
TIMP-4 1.7 1.1 No ND ND ND

The gene arrays detected MMP and TIMP genes in day 4 cultured explants, the fold change over control were quantified by computer.
*In situ hybridisation signal was evaluated using dark field microscopy.
Signal strength was assessed as follows: −, no detectable specific signal; +, specific signal in few cells; ++, specific signal in moderate number of cells;
+++, specific signal in a high number of cells
†In situ hybridisation data were shown in our previous study.17

ND, not determined; PWM, pokeweed mitogen; IL-12, interleukin-12.
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used for in situ hybridisation.26 Aminoethylcarbazole was used

as the chromogenic substrate. α-SMA (6582; Bio-Makor,

Rehovot, Israel) monoclonal antibody was used to detect

myofibroblasts. Tissues were counterstained with haematoxy-

lin.

RESULTS
Gene array analysis
Gene array analysis was performed on unstimulated, PWM

stimulated, and anti-CD3+IL-12 stimulated human fetal gut

culture explants (table 1). The intensity of the arrays from the

stimulated samples was compared with those from unstimu-

lated samples, and the fold change versus the unstimulated

controls was recorded and shown. Any change in gene expres-

sion greater than 2.5 times that of controls was considered

significant. In PWM stimulated explants, interstitial colla-

genase, stromelysin 1, gelatinase B, stromelysin 2, and macro-

phage metalloelastase were upregulated by more than 2.5

times compared with controls. In explants stimulated with a

combination of anti CD-3 and IL-12, the same results were

obtained, but there was additional upregulation of MMP-17.

Matrilysin, neutrophil collagenase, stromelysin 3, collagenase

3, MT-1, -2, -3, and TIMP-1, -2, -3, and -4 gene expression

remained unchanged or was downregulated after stimulation

(table 1).

In situ hybridisation
Evaluation of in situ hybridisation signal for MMPs and

TIMPs was performed using dark field microscopy; signal

strength was assessed by two experienced investigators (table

1). We have previously performed in situ hybridisation for

interstitial collagenase and stromelysin 1 in this model and

repeated this work as an internal control (table 1). However,

we carried out in situ hybridisation to analyse expression of

stromelysin 2 and macrophage metalloelastase which showed

the most pronounced increase. We also analysed matrilysin,

collagenase 3, membrane type 1 MMP, and TIMP-1 and -3,

although they did not change according to the array.

Stromelysin 2 (MMP-10)
No stromelysin 2 expression was detected in day 0 control tis-

sue (data not shown) or in unstimulated day 4 control tissue

(fig 1A), and no stromelysin 2 positive epithelial cells were

seen (data not shown). In PWM stimulated explants, strome-

lysin 2 was abundantly expressed in the LP underneath the

epithelium in the locality of stromal fibroblast/macrophage-

like cells (figs 1B, C). In anti-CD3+IL-12 stimulated explants,

stromelysin 2 was expressed in occasional α-SMA negative

cells of the LP underneath the mucosal epithelium (data not

shown). Based on the location of upregulated stromelysin 2 in

PWM and anti-CD3+IL-12 stimulated explants (in areas of

mucosa showing extensive injury), its expression may be a

contributing factor in epithelial cell shedding and mucosal

degradation (fig 1B).

Matrilysin (MMP-7)
We have previously shown that the extent of the injury in the

mucosal microenvironment depends on the number of T cells

Figure 1 Stromelysin 2 and matrilysin. (A) Control sample cultured for four days was negative for stromelysin 2 mRNA. (B) Stromelysin 2
expressing cells were located in the lamina propria in a pokeweed mitogen (PWM) stimulated explant (arrowhead depicts the area in (C)). (C)
High magnification bright field of stromal stromelysin 2 positive cells. (D) There was no upregulation of matrilysin expression in control explants.
(E) Expression of matrilysin in a PWM stimulated explant which still showed villi. (Inset E) High magnification of matrilysin mRNA positive cells.
(F) No matrilysin expression was seen in explants where PWM induced extensive mucosal degradation. (G) Expression of matrilysin in an
anti-CD-3+interleukin 12 (IL-12) stimulated explant. Scale bars: 50 µm (A, B, D–G); 12.5 µm (C, inset E).
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resident at a particular site in the mucosa. Thus even in

explants stimulated with PWM or anti-CD3+IL-12, there is

some heterogeneity in the tissue injury. Day 0 tissue (data not

shown) and unstimulated control tissue cultured for four days

were negative for matrilysin mRNA (fig 1D). In PWM stimu-

lated explants, matrilysin expression was detected in the

myofibroblast zone (fig 1E) where villi were still intact. Inter-

estingly, in explants where the tissue suffered severe injury,

very little matrilysin expression was seen (fig 1F). Generally,

the matrilysin positive area partly colocalised with regions

positive for stromelysin 2 (fig 1B, 1E). The location and mag-

nitude of signal was similar in anti-CD-3+IL-12 treated

explants (fig 1G).

Macrophage metalloelastase (MMP-12)
There was no macrophage metalloelastase expression in day 0

control tissue (fig 2A) but occasional metalloelastase positive

cells were seen underneath the epithelium and in the LP in

control samples cultured for four days (fig 2B, C). In PWM

stimulated and anti-CD3+IL-12 stimulated explants, macro-

phage metalloelastase was strongly expressed throughout the

mucosa (figs 2D–F).

MT1-MMP (MMP-14)
In day 4 control samples, there was low expression of MMP-14

(fig 3A). No expression was detected in fetal tissue at the onset

of culture (data not shown). In PWM stimulated explants (fig

3B) and CD3+IL-12 stimulated explants (fig 3C; inset c), MT1

expression was only slightly upregulated.

Collagenase 3 (MMP-13)
No expression of collagenase 3 was detected in PWM

stimulated explants (fig 3E). Day 0 (data not shown) and day

4 control samples (fig 3D) were also negative for collagenase 3

mRNA. Collagenase 3 was detected only in occasional

fibroblast-like cells in the LP of anti-CD-3+IL-12 explants (fig

3F; inset f).

TIMP-1 and -3
TIMP-1 mRNA expression was abundantly detected in day 0

tissue samples (fig 4A). In unstimulated day 4 control explants,

strong signal for TIMP-1 mRNA was detected in stromal cells in

the LP. In PWM or anti-CD-3+IL-12 stimulated specimens, few

positive cells for TIMP-1 could be seen after four days of culture.

TIMP-3 was also abundantly expressed in day 0 (fig 4D, E) and

unstimulated samples (fig 4F). However, expression was also

clearly downregulated after PWM (fig 4G) or anti-CD-3+IL-12

stimulation (data not shown).

DISCUSSION
To gain further knowledge on the biological functions of vari-

ous MMPs and their inhibitors in experimental models

Figure 2 Macrophage metalloelastase expression. (A) No macrophage metalloelastase expression was seen in day 0 tissue. (B) Occasional
cells positive for macrophage metalloelastase mRNA were seen in unstimulated control explants cultured for four days. (C) High magnification
bright field image of stromal macrophage metalloelastase mRNA positive cells in unstimulated control sample (day 4). (D) Expression of
macrophage metalloelastase by stromal cells in a pokeweed mitogen (PWM) stimulated explant. (E) Corresponding bright field image (arrow
shows the area in inset (E)). (F) Expression of macrophage metalloelastase in anti-CD3+interleukin 12 (IL-12) stimulated explant. Scale bars:
50 µm (A, B, D, E, F); 12.5 µm (C, insert E).

Matrix metalloproteinases in gut injury 543

www.gutjnl.com

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.51.4.540 on 1 O

ctober 2002. D
ow

nloaded from
 

http://gut.bmj.com/


relevant to IBD, their expression patterns were studied by gene

array analysis and in situ hybridisation in an ex vivo model of

T cell injury in the human gut. Expression of MMPs is mainly

transcriptionally regulated. Thus it can be assumed that MMP

protein levels will correlate with mRNA expression in vitro28

although we did not carry out these studies.

In this study, both gene array analysis and in situ

hybridisation showed that stromelysin 2 expression was

upregulated in cells of the LP following T cell activation by

PWM and anti-CD3+IL-12. A fourfold increase over controls

was detected in PWM stimulated fetal gut explants by the

gene array. In parallel, in situ hybridisation showed that the

signal for stromelysin 2 was particularly high where mucosal

damage was most severe. We also found by in situ hybridisa-

tion that there was high stromelysin 2 expression in day 1

PWM stimulated explants when tissue damage began

(unpublished data), suggesting the potential involvement of

stromelysin 2 in tissue destruction rather than remodelling.

We have previously demonstrated the presence of stromelysin

2 in the stroma of IBD ulcers in the vicinity of T cells.8 In cuta-

neous wound repair and IBD, stromelysin 2 is also expressed

by migrating epithelial cells.8 29 Stromelysin 2 can degrade type

IV collagen, laminin, and fibronectin and may, in excess, digest

the epithelial cells off their basement membrane.

Macrophage metalloelastase was also markedly upregu-

lated in the arrays. Gene expression was upregulated 12-fold

in PWM stimulated explants and sevenfold in anti-

CD3+IL-12 explants. Its expression could not be found in day

0 samples but when the tissue had been cultured for four days

there were positive cells in the villi in control tissue (fig 2B).

This probably reflects a macrophage response to tissue injury

caused by dissecting tissue explants. Macrophage metallo-

elastase was highly expressed in macrophages following T cell

activation of both types. Induction of metalloelastase may

facilitate movement of macrophages out of the vasculature

into the surrounding stroma and to sites of inflammation.

Interestingly, very strong expression of macrophage metallo-

elastase is detected under the shedding epithelium in IBD in

vivo.8 Furthermore, macrophage metalloelastase may contrib-

ute substantially to the degradation of connective tissues in

these models since in vitro it degrades type IV collagen, entac-

tin, fibronectin, laminin-1, proteoglycans, and elastin.30

Matrilysin expression was detectable in unstimulated

explants but its expression was slightly downregulated in the

stimulated cultures analysed by gene array. However, more

matrilysin expression was detectable in day 4 PWM than day

4 anti-CD3+IL-12 stimulated explants by in situ hybridisation

and the region of maximal signal partly colocalised with that

of stromelysin 2. Although it is possible to detect total expres-

sion within controls by gene array, in situ hybridisation is sen-

sitive enough to detect localised increases in expression.

Interestingly, no signal was seen in areas of total mucosal

destruction but rather in regions where villi were still intact.

There was no signal detected in day 1 stimulated explant

when tissue damage began (unpublished data). This suggests

that matrilysin may function in tissue remodelling/repair

rather than in degradation: although this requires experimen-

tal confirmation, it may well degrade proteoglycans, gelatins,

Figure 3 MT1-matrix metalloproteinase (MMP) and collagenase 3. (A) Very low MT1-MMP expression was seen in unstimulated control
explants cultured for four days. (B) MT1-MMP was increased in the stroma of a pokeweed mitogen (PWM) treated explant. (C) Stromal cells in
lamina propria expressed MT1 in a fetal gut explant stimulated with anti-CD3+interleukin 12 (IL-12). (Inset c) High magnification bright field
image showing stromal MT1-MMP mRNA positive cells. (D) Collagenase 3 mRNA was not expressed in day 4 unstimulated control samples. (E)
Collagenase 3 was not detected in a PWM stimulated sample. (F) Collagenase 3 mRNA in occasional stromal cells of an anti-CD-3+IL-12
treated explant. (Inset f) High magnification bright field image showing collagenase 3 mRNA positive cells. Scale bars: 50 µm (A–F); 12.5 µm
(inset c, inset f).
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or elastin in these models.31 Matrilysin can be activated in

extracellular spaces by stromelysin 1, which is known to be

produced in these explants,12 and is often expressed by epithe-

lial cells of the intestine and skin but rarely produced by mes-

enchymal cells in vivo.32 In our previous studies of IBD, matri-

lysin was only expressed by enterocytes bordering colonic and

ileal ulcers.7 Production by stromal cells has not been demon-

strated in cutaneous or intestinal cells. However, macrophages

in culture can express matrilysin.32 IL-1β and TNF-α, which

are abundant in PWM explants, do not influence macrophage

secretion of matrilysin.31

Collagenase 3 and MT1-MMP were not upregulated in the

arrays and were also not markedly enhanced by in situ

hybridisation. However, MT1-MMP has often been associated

with gelatinase A and collagenase 3 activation in cancer

invasion.33 34 In IBD, MT1-MMP is very abundantly expressed

by mesenchymal cells colocalising with stromelysin 1.24 Von

Lampe and colleagues35 demonstrated increased expression of

MT1-MMP by northern analysis in ulcerative colitis. Also, in

contrast with our previous findings in IBD stroma which

demonstrated abundant collagenase 3 producing fibroblasts

beneath the neutrophilic infiltrate of the ulcer bed,8 colla-

genase 3 was not dramatically increased in fetal gut explants.

Collagenase 3 is upregulated in fibroblasts by transforming

growth factor β and TNF-α, but not by IL-1β.36 There may be at

least two reasons for the discrepancies found in MMP expres-

sion between the explants and IBD tissue in vivo: firstly,

tissues are of fetal origin and, secondly, the system does not

contain blood borne inflammatory cells, B cells, mast cells, or

eosinophils.

An imbalance between proteinases and their inhibitors has

been implicated in the pathobiology of chronic ulcers. We have

previously shown that while certain MMPs were upregulated

in PWM stimulated explants, TIMP-1 and -2 concentrations

remained unchanged.10 However, in this study, TIMP-1 and -3

expression detected by in situ hybridisation was highest in the

uncultured day 0 control samples and diminished in the

treated explants, suggesting that at least interstitial colla-

genase, gelatinase A, stromelysin 1, gelatinase B, and

collagenase-337 can function in these models without imped-

ance from TIMP-1 and -3. Expression of both TIMPs in day 4

control samples was lower than in day 0 samples but clearly

higher compared with tissues in which T cell activation was

induced. TIMP-3 is known to bind to ECM. As in IBD

Figure 4 Tissue inhibitors of metalloproteinases (TIMPs)-1 and -3. (A) TIMP-1 expression in day 0 tissue. (B) Expression of TIMP-1 after four
days of culture in control explant. (C) No signal for TIMP-1 mRNA was seen in a pokeweed mitogen (PWM) stimulated explant. (D) Abundant
TIMP-3 expression in day 0 tissue. (E) Corresponding bright field image. (F) High numbers of cells expressing TIMP-3 mRNA were still seen after
culturing control explants for four days. (G) TIMP-3 expression was clearly downregulated in PWM stimulated explant. Scale bars: 50 µm
(A–G).
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samples,8 no TIMPs were found in the epithelia of explants

stimulated with PWM or anti-CD3+IL-12.

In experimental models, it has been demonstrated that

mucosal injury is triggered after activation of T cells which are

capable of secreting at least gelatinase A, gelatinase B, strome-

lysin 2, and collagenase 3.38 39 Surprisingly, it has not been

possible to demonstrate MMP mRNAs in cells with typical

morphology of T lymphocytes (small round cells with large

dark nucleus).17 Thus it may well be that direct contact of T

lymphocytes with mononuclear cells or other cell types40 or

proinflammatory cytokines secreted by T cells contributes to

the matrix destruction observed.

In conclusion, our work shows that in addition to

collagenase 1 and stromelysin 1, stromelysin 2 and macro-

phage metalloelastase may also contribute to gastrointestinal

ulceration during T cell mediated inflammation. Expression of

MMP inhibitors, TIMP-1 and -3 was downregulated following

T cell activation, suggesting that an imbalance between

proteases and inhibitors favours epithelial shedding and

ulceration. Finally, the use of gene array technology allowed us

to analyse expression of most MMPs and all TIMPs

simultaneously and provided a framework for further

functional studies in this model of tissue damage.
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