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j Abstract Background Nutri-
tional support is an established
element of therapy for various
indications. However, its impact
on the mucosal barrier function is
not well understood. Aim of the
study We investigated the influ-
ence of EN and PN on intestinal
epithelial cells and peripheral
blood (PBMC) and lamina propria
mononuclear cells (LPMC), all of
which are involved in the mucosal
defense against bacterial translo-
cation and systemic inflammation.
Methods Integrity of epithelial
cells was measured as transepi-
thelial electrical resistance (TER)
of confluent Caco-2 monolayers in
the presence of 1% EN, PN and a
parenteral amino acid mixture
(AM). To determine wound heal-
ing capacities, an established
migration model with IEC-6 cells
was used. Furthermore, we inves-
tigated apoptosis, cell activation,
proliferation and cytokine secre-
tion of Caco-2, HT29 and of
stimulated PBMC and LPMC cul-
tured with or without 1 and 5%
EN, AM or PN. Results We dem-
onstrated that EN, AM and PN

promoted the integrity of the
epithelial monolayer and recon-
stituted epithelial cell continuity
TGF-b-dependently and -inde-
pendently. Interestingly, only PN
induced apoptosis and decreased
the mitochondrial membrane po-
tential. The activation status of
PBMC was significantly reduced
by EN and AM. Specifically, EN
leads to an increased apoptosis
rate, inhibited cell cycle progres-
sion and increased pro-inflamma-
tory cytokine secretion. Both EN
and PN reduced the activation
status and the release of pro- and
anti-inflammatory cytokines. Con-
clusions Our study provides evi-
dence that by promoting wound
healing and regulating T cell
function, EN, AM, and PN po-
tently interact with the intestinal
barrier and immune system, thus
justifying its use in diseases
accompanied by impaired muco-
sal barrier function.

j Key words enteral nutrition –
epithelial cells – T cells –
intestinal permeability –
inflammation

Introduction

Nutritional support is an established element in the
therapy of various indications. In general, total

parenteral nutrition (PN) is required in the treat-
ment of critically ill patients who are unable to in-
gest foods via the enteral route. Aside from the
nutritional benefits for malnourished patients, sev-
eral studies have indicated increased infectious
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complications associated with mucosal atrophy and
increased intestinal permeability [15, 33]. Although
the underlying mechanisms remain elusive, there is
increasing evidence that PN leads to alterations in
cytokine production and decreased IgA levels in the
mucin layer of the mucosa, provoking bacterial
overgrowth and translocation [18]. As a result,
enteral nutrition (EN) is currently the preferred
method of supplying nutritional support. The suc-
cessful application of EN, however, requires ade-
quate gut function [13]. Thus, the purpose of the
gut mucosa is not only to emphasize the physical
intestinal barrier, its primary function is to prevent
luminal microorganisms and toxins from entering
the systemic circulation [33].

The conjunction of adjacent epithelial cells is
controlled by tight junctions, which regulate intes-
tinal permeability and membrane leakiness. Besides
the tightness of adjacent epithelial cells structural
changes of the epithelium are also responsible for
impaired barrier function, mainly induced by the
inhibition of epithelial cell cycle progression or by
the induction of apoptosis [16]. Once the epithelial
surface is damaged, the reconstitution of the intes-
tinal barrier is accomplished by increased epithelial
cell migration into the wound to cover the injured
area. Insufficient capacity to repair epithelial damage
and ongoing leakiness results in the recognition of
luminal antigens by lymphocytes of the immune
system. These translocated microorganisms and fal-
sely recognized luminal antigens perpetuate cellular
immune responses resulting in uncontrolled intesti-
nal and systemic inflammation [2, 14]. Therefore,
next to achieving target requirements by nutritional
support, the question of whether EN and PN have
the capacity to induce structural and cellular changes
of the intestinal and peripheral immune system
needs to be addressed.

Materials and methods

j Reagents and antibodies

Anti-CD3 monoclonal antibody (mAb) (clone OKT3;
kindly provided by Janssen-Cilag, Neuss, Germany)
and CD2 mAb (T112 and T113; kindly provided by Dr.
Ellis Reinherz, Boston, MA) were used for T cell
activation. For flow cytometry, FITC-labeled anti-cy-
clin B1 and Annexin-V as well as the PE-labeled CD25
were purchased from BD Pharmingen (Heidelberg,
Germany). PI was purchased from Calbiochem (Sch-
walbach, Germany) and rhodamine123 from Sigma-
Aldrich (Taufkirchen, Germany). FITC mouse IgG1

and PE mouse IgG1j from BD Pharmingen were used

as isotype controls. Recombinant human TGF-b-1
and pan-specific immunoneutralizing TGF-b antibody
were obtained from R&D Systems (Wiesbaden, Ger-
many). The cytometric bead array (CBA) kit was
purchased from BD Pharmingen.

j Nutrition

Enteral nutrition (EN, Fresubin high fiber), amino
acid mixture (AM, Aminoven 10%) and total PN
(Structokabiven) with defined ingredients (Table 1)
were purchased from Fresenius-Kabi (Bad Homburg,
Germany).

j Cell lines and cell culture

Caco-2 cells, HT29 cells and the rat intestinal cell line
IEC-6 were purchased from ATCC, Rockville, MD.
Cells were maintained at 37�C with 5% CO2 in DMEM
with 10% FCS (both from Invitrogen, Karlsruhe,
Germany), 1% penicillin/streptomycin (Biochrom,
Berlin, Germany), 2% L-glutamine (PAA Laboratories,
Cölbe, Germany) and 1% sodium pyruvate (Invitro-
gen, Karlsruhe, Germany). For flow cytometric anal-
ysis 1 · 105 cells were seeded on a 12-well cell culture
plate (BD Pharmingen). Cells were incubated for 48 h
with or without 1 or 5% (vol/vol) EN, AM or PN.

j Isolation and culture of peripheral blood and
lamina propria mononuclear cells

Peripheral blood (PBMC) and lamina propria (LPMC)
mononuclear cells were isolated, cultured and stim-
ulated as previously described from healthy volun-
teers or from surgical specimens obtained from
patients admitted for bowel resection for malignant
and nonmalignant conditions of the large intestine,
including colon cancer and benign polyps, respec-
tively [27, 29, 30]. PBMC and LPMC were cultured in
RPMI 1640 containing 10% fetal calf serum, 1.5%
HEPES buffer, 2.5% penicillin–streptomycin (all from
Biowhittaker, Walkersville, MD, USA). 3 · 105 PBMC
were activated via their T cell receptor by cross-linked

Table 1 Description of enteral and parenteral nutrition

Calories (kcal/l) Carbohydrates (g/l) Proteins (g/l) Fats (g/l)

EN 1,000 138 38 34
AM 400 – 100 –
PN 1083.3 126.6 50.7 37.9

Delivery of calories, carbohydrates, protein and fat of enteral nutrition (EN), a
parenteral amino acid mixture (AM) and parenteral nutrition (PN) according to
the manufacturer’s informations
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plate-bound anti-CD3 mAb (OKT, 10 lg/ml) for 1.5 h
on a 96-well cell culture plate (BD Pharmingen). For
flow cytometric analysis the cells were incubated with
or without the nutritional additives for 48 h. LPMC
are hyporesponsive towards CD3 stimulation. How-
ever the alternative pathways mediated by CD2 or
CD28 is largely preserved [20, 34]. Therfore 3 · 105

LPMC were stimulated by anti-CD2 mAB (T112 and
T113; 1 lg/ml, respectively) and incubated for 48 h
with or without 1 or 5% (vol/vol) EN, AM or PN on a
96-well culture plate (BD Pharmingen). Approval of
the protocol was granted by the local ethics commit-
tee of the Charité (Berlin, Germany).

j Flow cytometric analyses

Flow cytometric analysis was used to determine cell
activation, cell cycling, apoptosis and cytokine
secretion, essentially as described previously [31].
Cells were incubated with the respective FITC-or PE-
conjugated Ab at predetermined saturating concen-
trations or with isotype-matched non-specific mouse
IgG mAb (BD Pharmingen) as an isotype control and
analyzed by a flow cytometer (FACSCalibur; Beckman
Coulter, Fullerton, CA) using CellQuest software (BD
Pharmingen). Rhodamine123 staining to assess the
mitochondrial membrane potential was previously
described [29]. The binding of annexin-V was used to
determine apoptosis and staining was performed as
described earlier [27, 29, 30].

j Wound healing model

Confluent monolayers of IEC-6 cells were incubated
in 60 mm plastic dishes (BD Pharmingen) for 12 h in
serum-deprived medium (0.1% FCS). Subsequently
cells were scraped with a razor blade to produce
wounds of ~20 mm width followed by washing with
PBS to remove residual cell debris. Wounded mono-
layers were then cultured for 24 h in DMEM medium
in the presence or absence of EN, AM or PN as de-
scribed earlier [32]. Migration of IEC-6 cells was as-
sessed by counting the number of cells across the
wound border in a blinded fashion.

j Measurement of transepithelial electrical
resistance (TER)

To measure the TER Caco-2 cells were seeded at
confluent density on a 12 well culture plate in
Transwell inserts with a pore size of 0.4 lm (Corn-
ing Costar Corporation, Cambridge, MA). The
integrity of the monolayer was evaluated with a
Millicell-ERS Voltohmmeter (Millipore, Schwalbach,

Germany). To a monolayer with a stable (non-rising)
TER of more than 170 X cm2 1% of EN, AM or PN
was added to the insert. Measurements were taken
three times daily to analyze changes in Caco-2
monolayer permeability.

j Statistical analysis

Data are expressed as mean ± the standard deviation
of the mean. Statistical analysis for significant differ-
ences was performed using analysis of variance, the
Student t test for parametric samples (GraphPad
Prism, San Diego, CA, USA).

Results

j Effect of enteral and PN on transepithelial
electrical resistance (TER)

Intestinal permeability is increased during intestinal
inflammation, thus permitting bacterial translocation
[15, 16, 22]. In our study we first evaluated the effect
of EN and PN on the TER, a measure of monolayer
integrity and tight-junction permeability. We cultured
Caco-2 cells for 21 days until they reached confluency
and the TER remained stable. When adding EN, AM,
or PN to confluent Caco-2 cells at time-point 0,
compared to the control group, the TER increased
significantly in all three groups within 24 h (Fig. 1).

j Effect of enteral and PN on intestinal epithelial cell
restitution and proliferation

Intestinal epithelial cell restitution was assessed using
a previously well-characterized wounding and migra-
tion model with confluent IEC-6 cells [7]. As shown in
Table 2, EN, AM and interestingly also PN, signifi-
cantly enhanced epithelial cell migration over the
wound edge. Several cytokines and chemokines en-
hance epithelial cell migration TGF-b-1-dependently
[7]. Thus, we cultured IEC-6 cells in the presence and
absence of neutralizing anti-TGF-b antibodies. Inter-
estingly, blocking TGF-b had a distinct effect on
nutrition-mediated cell migration. Although the TGF-
b blockade nearly completely abrogated EN- and PN-
mediated enhanced cell migration, it was less capable
of inhibiting AM-induced enhanced migration (Ta-
ble 2). As a control cells were also cultured in the
presence of TGF-b, resulting in an insignificant in-
crease in migration of all groups compared to migra-
tion without TGF-b (Table 2).

During the process of wound healing and closure
process cell expansion is essential to replenish the
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reduced cell pool [26]. Consequently, we determined
the effect of EN and PN on cell cycling, determined by
DNA staining. Excluding dead cells by proper gating,
cell cycle progression of Caco-2 and HT29 cells
through the S- and G2/M-phase was not significantly
impaired by either EN, AM or PN (Fig. 2).

j Distinct effect of enteral and PN on intestinal
epithelial cell apoptosis

Using the externalization of phosphatidylserine as a
marker of cell apoptosis and positive DNA staining as
an indicator of membrane leakage, we tested the effect

of EN and PN nutrition on epithelial cell death. Al-
though the addition of 5% EN reduced the number of
dead cells significantly, direct contact of PN to the cells
significantly induced cell necrosis, as indicated by the
increase in PI positive cells (Fig. 3). The addition of
AM to HT29 cells reduced the number of apoptotic
and necrotic cells, but failed statistical significance
(Fig. 3). The induction of Caco-2 and HT29 cell death
by PN were confirmed by trypan blue staining (data
not shown). Additionally, we determined the de-
energizing of the Caco-2 mitochondrial membrane
potential by rhodamine123 fluorescence [23], con-
firming the preservation of cell integrity by EN and
AM, but severe cell damage in the case of PN (Fig. 4).

j Regulation of enteral and PN on PBMC and LPMC
activation

Within the lamina propria, LPMC play a major role
and the increased activation and disabled apoptosis of
Lamina propria T lymphocytes (LPT) is critically in-
volved in the pathogenesis of IBD [11, 27, 28, 30].
Given the different delivery routes, PN comes into
direct contact with peripheral blood T cells after
infusion, whereas EN first comes into contact with
mucosal T cells in the presence of a leaky intestinal
epithelial cell barrier. Thus, we isolated PBMC and
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Fig. 1 EN, AM and PN promote the integrity of the epithelial monolayer.
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versus 0%

Table 2 Number of migrated cells over the wound edge within 24 h

0% 1% EN 1% AM 1% PN

)/) 162 ± 9.8 282 ± 38.1* 258 ± 24.9* 228 ± 9.4*
+ anti-TGF-b 42 ± 6.4� 30 ± 5.1� 162 ± 14.5** 6 ± 2.5�,**
+ TGF-b-1 276 ± 40.4 288 ± 40.8 270 ± 29.4 336 ± 43.6

A confluent IEC-6 monolayer was wounded with a razor blade and incubated
with 1% EN, AM or PN in complete medium for 24 h. Additionally, the
monolayer was cultured with or without pan-specific anti-TGF-b or re-
combinant TGF-b-1. Data are representative for mean ± SEM of six individual
experiments
* P < 0.05 versus 0%
** P < 0.01 versus 0% + anti-TGF-b
� P < 0.001 versus nutritional additive in the absence of anti-TGF-b and TGF-
b-1
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followed by flow cytometry.
Mean ± SEM of five experiments.
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LPMC, stimulated the cells with anti-CD3 or -CD2
mAb, respectively, and investigated the effect of EN,
AM, and PN on critical parameters of T cell functions.
Robust stimulation of PBMC and LPMC is shown in
the supplemental material (Fig. 1). When PBMC were
stimulated for 48 h in the presence of EN, AM, and
PN, CD25 expression was dose-dependently reduced
by 5% of EN, AM, and PN. The latter, however, failed
statistical significance (Fig. 5a). We then isolated and
activated LPMC and cultured the cells for 48 h in the
presence or absence of EN, AM or PN. As depicted in
Fig. 5b, all compounds tested (EN, AM, and PN)
significantly inhibited CD25 expression dose depen-
dently (Fig. 5b).

j Effect of enteral and PN on PBMC and LPMC cell
cycling

Activation of PBMC and LPMC initiates cell cycle
entry and progression. Thus, we next sought to
determine the influence of EN, AM and PN on the

cell cycle progression of PBMC and LPMC using
DNA staining. When PBMC were activated by anti-
CD3 mAb, EN, AM and PN inhibited T cell cycle
progression through the S- and G2/M-phase dose
dependently (P < 0.05 vs. 0%, Fig. 6a). Indepen-
dently tested, cyclin-B1 staining confirmed the re-
sults from the DNA content measurement (data not
shown). Interestingly, when LPMC were activated
and cultured for 48 h in the presence of the inves-
tigational agents, only EN reduced the cell cycling of
anti-CD2 stimulated LPMC (P < 0.05 vs. 0%, Fig. 6
b). Again, cyclin-B1 staining confirmed the results
from the DNA content measurement (data not
shown).

j Modulation of cytokine secretion in stimulated
PBMC and LPMC by EN and PN

T cell cycling is linked to cytokine secretion, and the
release of cytokines is crucial for the differentiation of
T cells [21]. As depicted in Fig. 7a, EN significantly
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reduced IL-12 and IL-10 secretion in PBMC, while
increasing TNF-a, IL-6 and IL-1b release. AM did not
modulate PBMC cytokine secretion patterns. In con-
trast to EN, PN only reduced IL-10 secretion (Fig. 7a).
In LPMC, EN reduced TNF-a and IL-10 secretion
(Fig. 7b). In contrast to PBMC, AM reduced TNF-a
release while PN reduced TNF-a, IL-10 and IL-6 levels
(Fig. 7b).

j Effect of enteral and PN on PBMC and LPMC
apoptosis

Comparable to the experimental setting described
above, we also investigated the effect of EN, AM, and
PN on PBMC and LPMC apoptosis. When PBMC
were stimulated and cultured for 48 h in the pres-
ence and absence of 1 and 5% EN, AM or PN, an-
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nexin-V staining showed a dose-dependent and sig-
nificant increase of apoptotic cells through the
addition of EN, but not AM or PN (Fig. 8a). As
expected [11, 27], activation of LPMC increased the
number of apoptotic cells. Although AM and PN had
no influence on the rate of dead mucosal T cells,
comparable to PBMC, EN significantly increased
LPMC apoptosis (Fig. 8b).

j Effect of enteral and PN on PBMC function through
an intact epithelial barrier

Above we provided evidence that EN, AM, and PN
potently modulate T cell function. Finally, we aimed
to investigate whether this feature can be still ob-
served when the cells are separated from EN by an
intact epithelial barrier. To address this question we
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cultured Caco-2 cells to confluency on a cell insert
and cultured activated T cells in the basal compart-
ment. On adding nutrition to the upper compartment
for 48 h, EN, AM and PN lost their capacity to
modulate T cell activation (CD25) (Fig. 9a), cell cy-
cling (cells in the S- and G2/M-phase) (Fig. 9b), or
apoptosis (annexin-V) (Fig. 9c).

Discussion

In critical ill patients, bacterial translocation of viable
resident bacteria or endotoxins from the gastrointes-
tinal lumen into normally sterile tissues like the
mesenteric lymph nodes or other internal organs is a
common and feared clinical problem [3, 6]. In addi-
tion, the lack of enteral feeding in those patients re-
sults in further a loss of the mucosal immune function
[5]. Normally, one of the major tasks of the epithelial
cell layer is to provide an effective barrier against the
luminal content [2, 17]. This feature is achieved by
tight epithelial cell–cell contact which seals the
monolayer and prevents bacterial translocation. By
measuring the transepithelial resistance, a sensitive
tool for determining the integrity of the epithelial cell
barrier, we showed that not only EN, but also PN
promoted the sealing of the epithelial monolayer.
Given the different administration routes, PN nor-
mally does not come into contact with gastrointestinal

epithelial cells and it is, to date, a matter of specula-
tion as to whether the compounds of EN might diffuse
from the gastrointestinal vessels to the basal side of
the epithelial cell line. However, our study shows that
the ingredients of PN are, in principle capable of
promoting the epithelial resealing. In line with this
finding, all three tested nutrition formulas, EN, AM
and PN, significantly enhanced epithelial cell migra-
tion over the wound edge, a process which is essential
for restoring the continuity of the epithelial surface
following mucosal injuries. We and other investiga-
tors have previously shown that a number of cyto-
kines enhance epithelial cell restitution in vitro
through a TGF-b-dependent pathway [1, 7, 32]. In-
deed, a neutralizing pan-specific TGF-b antibody was
able to prevent EN- and PN-mediated enhancement of
IEC-6 migration, indicating that EN and PN stimulate
IEC-6 cell migration by a TGF-b-dependent mecha-
nism. Interestingly, and verifying the more complex
nutritional regime of EN and PN, regulation of cell
migration by AM was not significantly altered by
blocking TGF-b.

Next to migration into the wounded area, cell
proliferation enhances closure of an injured area [4,
26]. Interestingly, in contrast to their profound effect
on epithelial cell migration, neither EN, AM nor PN
promoted Caco-2 and HT29 cell proliferation. This
distinct effect shows not only that migration and
proliferation are distinctively regulated in epithelial
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cells, but also that EN and PN have comparable but
seemingly specific effects on different aspects of the
wound healing process. The epithelial layer serves as
an interface between the organism and the contents of
the gastrointestinal tract, underlining the importance
of regulating cellular viability despite an onslaught of
luminal pathogens [9]. Thus, a tight balance between
cellular proliferation and apoptosis is necessary to
maintain this critical barrier. Our study showed that
by decreasing epithelial cell apoptosis and necrosis,
EN enhanced epithelial cell viability. In contrast, PN
was found to induce epithelial cell death when it was
directly added to HT29 cells under our experimental
conditions where PN is in direct contact with epi-
thelial cells. Several groups observed a correlation
between a lower calorie content and a higher rate of
apoptotic epithelial cells which is responsible for vil-
lus destruction in vivo [8, 33]. In our study, EN and
PN had almost the same calorie content. Thus, based
on our data, we can not confirm that the induction of
epithelial cell death is related to the caloric delivery.
However, since apoptosis was not induced by AM, it
may be assumed that the fat compound of PN is
responsible for this effect. Furthermore the beneficial
effect of EN might be related to the fiber supplements
which other investigators declared as effective in
reducing PN-induced bacterial translocation [35].

Inflammatory bowel diseases are not only charac-
terized by a disrupted epithelial cell barrier and dis-
abled wound healing capacities but also by chronic
tissue damage mediated by a disregulated mucosal T
cell function [10]. In addition, in IBD the function of
peripheral blood T cells is also disturbed [10], cells
which are immediately contacted by PN after infu-
sion. Interestingly, but in line with the different cell
cycling of peripheral and mucosal T cells [20, 27, 34],
EN, AM and PN had a different effect on PBMC and
LPMC activation. In PBMC, the addition of EN and
AM reduced the activation status of antigen stimu-
lated T cells. In contrast, PN did not restrict the ability
of peripheral T cells to become activated, thereby
triggering a sufficient adaptive immune response.
Interestingly, all nutritional additives tested signifi-
cantly inhibited the activation of anti-CD2 stimulated
LPMC significantly. As shown in our study, an intact
epithelial barrier protects the underlining T cells from
the inhibitory effect of EN. Given the disruption of the
intestinal barrier, capillary leakage and increased
activation of mucosal T cells in IBD [25, 27, 28], al-
though the bioavailability of nutrients on immune
cells is unclear, it might be speculated that during the
active inflammatory process, EN and PN might come
into direct contact with mucosal T cells, having an
anti-inflammatory effect.

Cell activation induces entry of cells into the cell
cycle, leading finally to cell division and expansion.

Therefore next to an inhibited activation status of
intestinal and peripheral lymphocytes a decreased cell
cycle progression can also ameliorate inflammatory
processes [31]. The number of cycling PBMC in S- and
G2/M-phase was reduced by all three compounds tes-
ted emphasizing the anti-inflammatory effect of EN
and AM on T cell activation and proliferation. In
LPMC, only EN decreased the number of cycling cells,
again underlining the possibility of a direct influence in
case of an increased epithelial permeability. Immuno-
logical homeostasis is maintained by a tight balance
between anti- and proinflammatory cytokines. In
PBMC, EN induced the secretion of proinflammatory
cytokines and abolished the release of the anti-
inflammatory IL-10. However, Crohn’s disease is
characterized by an uncontrolled Th1 response trig-
gered by the release of IL-12 [19], while the inhibition
of IL-12 release by EN indicates that EN influences the
cytokine balance in both ways. In the gastrointestinal
mucosa, TNF-a is a key mediator of inflammatory
processes and in IBD, mucosal TNF-a levels are ele-
vated [24]. Interestingly, EN, AM, and PN reduced
TNF-a secretion of activated mucosal T cells, high-
lighting the potent immuno-regulatory capacities of
the nutritional additives. In immune cells, cytokine
secretion is linked to cell cycling [21]. Thus, remaining
in a specific cell cycle phase results in less cell activa-
tion and proliferation but might increase the secretion
of cytokines produced in this specific cell cycle phase.

Unrestricted cell activation and proliferation leads
to inflammation, autoimmunity or cancer. In CD,
apoptosis is disabled and unrestrained T cell activa-
tion promotes mucosal inflammation [12]. As shown
in our study, EN is capable of inducing peripheral and
mucosal T cell apoptosis. However, as demonstrated
by our insert experiments, an intact epithelial barrier
prevents this effect, providing evidence that a dis-
rupted epithelial barrier is a necessary prerequisite for
inducing T cell death by EN.

Our results systematically and sequentially inves-
tigated the effect of enteral and PN on critical ele-
ments of the gastrointestinal mucosal function. We
were able to demonstrate that both EN and PN
reconstitute epithelial cells and increase the epithelial
barrier function, but distinctively modulate epithelial
cell death. With regard to their effect on peripheral
and mucosal T cells, EN and PN differentially inhibit
T cell activation and reduce the release of pro-
inflammatory cytokines. Given the frequent use of EN
and PN in diseases accompanied by impaired mucosal
function, the evidence that EN and PN both benefi-
cially modulate epithelial and T cell functions might
contribute to a better understanding of the impact of
artificial nutrition in diseases in which the epithelial
barrier is disrupted and mucosal T cells are at an
increased status of activation such as in IBD.
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