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Background: Lamina propria T lymphocytes (LPL) of the intestinal mucosa are chronically activated in
Crohn’s disease (CD). Defective apoptosis of activated LPL was proposed as a key pathogenic mechanism.
In fact, increased expression of antiapoptotic molecules was observed in CD LPL. In the present work, we
aimed to analyse the effects and underlying molecular mechanisms of 5-amino salicylic acid (5-ASA) and
derivatives on apoptosis of LPL and peripheral blood lymphocytes (PBL) in patients with CD compared with
ulcerative colitis (UC) and in non-inflammatory controls.
Methods: PBL and LPL were isolated by Ficoll-Hypopaque gradient centrifugation and the EGTA-
collagenase method, respectively. PBL/LPL were stimulated with FasL, 5-ASA, sulphapyridine, and
sulphasalazine for 24/48 hours and apoptosis was quantified by flow cytometry (annexin V- propidium
iodide method) and immunofluorescence. The molecular mechanisms of drug induced apoptosis were
analysed in wild-type and FADD2/2 Jurkat T cells using western blots and caspase assays.
Results: While PBL displayed a normal apoptosis pattern after Fas stimulation in patients with active CD,
LPL from inflammatory areas were highly resistant. Comparable resistance to apoptosis was observed in
LPL of UC patients. In contrast with 5-ASA, which did not induce apoptosis in lymphocytes, sulphasalazine
proved to be a potent proapoptotic agent. Sulphasalazine induced T lymphocyte apoptosis was
independent of the Fas pathway but associated with marked downregulation of antiapoptotic bcl-xl and
bcl2, activation of the mitochondrial apoptosis signalling pathway, and subsequent activation of caspase-9
and caspase-3.
Conclusion: The beneficial effect of sulphasalazine in treating inflammatory bowel disease is at least in
part attributable to its proapoptotic effects on LPL which allows potent downregulation of lymphocyte
activation.

I
ntestinal immune responses are often characterised by
activation of lamina propria T lymphocytes (LPL) with
potent effector functions, as in inflammatory bowel

diseases (IBD).1 However, the exact pathomechanisms
leading to chronic activation of LPL in Crohn’s disease (CD)
patients still remain unclear.1–3 As the intestinal mucosa is
permanently exposed to a magnitude of antigens, the
mucosal immune system has evolved several strategies to
avoid an unnecessary and uncontrolled inflammatory reac-
tion. Among these regulatory mechanisms, downregulation
of activated T lymphocytes via apoptosis is a very potent and
effective strategy, now considered as a key controlling
mechanism.4 In patients with CD, the LPL apoptosis pathway
was found to be profoundly disturbed.4–8 Compared with LPL
from non-inflammatory intestinal mucosa, LPL from CD
patients were significantly less susceptible to apoptosis in
reponse to different proapoptotic stimuli.4–8 Based on these
data, a new conceptual view of CD was suggested: a defect in
the intrinsic downregulatory apparatus which controls
apoptosis of activated T cells may lead to their inapprorpiate
accumulation and result in disease perpetuation and chronic
inflammation.
The molecular mechanisms and signalling pathways of

apoptosis in activated lymphocytes have been extensively
studied.9 Fas induced apoptosis of LPL was suggested to play
a prominent role in the downregulation of local immune
responses10 After binding of FasLigand (FasL) to its mem-
brane receptor Fas, constitutively expressed on LPL, FasL-Fas
trimerises and an intracellular multiprotein complex called
DISC (death inducing signalling complex) is formed.9 DISC

consists of the death domain of Fas, an adapter protein called
Fas associated death domain protein (FADD) and procas-
pases-8 and -10. Association of caspases-8 and -10 to DISC
results in its autocatalytical activation with subsequent
activation of the intracytoplasmic caspase signalling cascade,
allowing amplification and rapid propagation of the initial
apoptotic signal. Ultimate activation of downstream
caspase-3 results in the execution of apoptosis, attested by
DNA cleavage into 180 bp fragments and the formation of
apoptotic bodies.11 The caspase cascade is controled by several
inhibtory molecules, such as the inhibitor proteins of the
apoptosis family (IAP1,2, XIAP) or FLIP.12 Execution caspase
activation on Fas stimulation can occur in a mitochondrial
dependent or independent manner. The mitochondrial
apoptosis pathway is controlled and regulated by the bcl
superfamily. This protein family is composed of several pro-
and antiapoptotic members, which can form heterodimers,
neutralising each other’s effect.13 A shift in the bcl rheostat
towards an antiapoptotic constellation results in abrogation
of a proapoptotic stimulus. Therefore, the bcl gene family
serves as an intracellular threshold for apoptosis. In fact,
defective Fas mediated apoptosis in LPL from patients with
CD was associated with changes in the mitochondrial
apoptosis pathway: in CD patients, there was a shift in the

Abbreviations: IBD, inflammatory bowel disease; LPL, lamina propria T
lymphocytes; CD, Crohn’s disease; 5-ASA, 5-amino salicylic acid; PBL,
peripheral blood lymphocytes; UC, ulcerative colitis; FasL, FasLigand;
FADD, Fas associated death domain protein; DISC, death inducing
signalling complex; IL, interleukin; NFkB, nuclear factor kB
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mitochondrial bcl-rheostat with upregulation of antiapopto-
tic bcl-2 and bcl-xl molecules (which protected LPL from
apoptosis 5–7). Recently, Atreya and colleagues8 provided
experimental evidence that interleukin (IL)-6, which is
abundantly secreted in CD, upregulates expression of anti-
apoptotic bcl molecules via the IL-6 trans-STAT 3 signalling
pathway.
There is increasing evidence that anti-inflammatory drugs,

commonly used in the treatment of IBD, interfere with
activation of the inflammatory cascade via the nuclear factor
kB (NFkB). Wahl and colleagues14 demonstrated that
sulphasalazine (the conjugate of 5-amino salicylic acid
(5-ASA) and sulphapyridine) directly inhibits phosphoryla-
tion of NFkB, thereby blocking this pathway. Similarly,
Kaiser and colleagues15 observed that 5-ASA alone blocks
activation and translocation of NFkB in intestinal epithelial
cells. In several cell types, NFkB is not only involved in the
generation of an inflammatory reaction but also in the
regulation of apoptosis. For instance, in Hela, Hek, or Jurkat
cells, expression of the antiapoptotic molecule FLIP or of the
antiapoptotic bcl molecules is regulated by NFkB.16 As a
result of different regulatory factors, a cell can thus respond
to proinfllammatory stimuli in different ways (that is,
activation of a proinflammatory, either pro- or antiapoptotic
repertoire). Therfore, we hypothesise that modulation of the
NFkB pathway by anti-inflammatory drugs (such as 5-ASA
and its derivatives) may interfere with the susceptibilty of
lymphocytes to apoptosis. In the present study, we analysed
the effect of 5-ASA and derivates on peripheral blood
lymphocyte (PBL) or LPL apoptosis in patients with CD, and
subsequently studied the underlying molecular mechanisms.

MATERIAL AND METHODS
Patients
Ten paediatric patients with active CD (aged 5–15 years),
four patients with active ulcerative colitis (UC) (10–
14 years), as inflammatory controls, and four patients with-
out any inflammatory pathology (5–35 years) were analysed
in this study. Diagnostic endoscopy was performed in all
patients with CD or UC. Control patients presented with

intestinal symptoms suggestive of IBD and thus underwent
endoscopic examination, which was macroscopically com-
pletely normal along with a normal histology. Diagnosis of
CD or UC was based on typical clinical, biological, radio-
logical, endoscopic, and histological findings, according to
established criteria.17 Treatment consisted of 5-ASA in five CD
patients (combined with budesonide in one patient),
parenteral nutrition in three patients, and enteral nutrition
combined with prednisone (0.2 mg/kg) in a further patient.
One CD and one UC patient were not receiving any
treatment. The other three UC patients received 5-ASA
combined with prednisone (1 mg/kg) in one patient. The
control patients received no drugs, except one treated by
antibiotics.

Lymphocyte isolation and cell l ines
PBL were isolated from heparinised blood on a Ficoll gradient
centrifugation according to a standard procedure. LPL were
isolated from colonic biopsies using either the EGTA-
collagenase method, as previously described,18 or according
to the method of Kugathasan and colleagues.19 To avoid
bacterial or fungal contamination, we enriched the medium
with antibiotics (cifloxacilline 100 mg/ml, fungizone 25 mg/
ml). To characterise the cell populations after isolation, T cells
were phenotyped by flow cytometry using anti-CD2, CD3,
CD4, and CD8 surface markers (all BD, Pont de Claix,
France). Only cell populations containing .90% CD3 positive
cells were included in the present study. The number of cells
isolated from two grouped biopsies from the same section
varied from 66105 to 46106 cells. The degree of colonic
inflammation was documented using an established endo-
scopic score (taking into account the presence of erythema,
and superficial or profound ulcerations20). Biopsies from
inflammatory areas were always taken close to ulcerations. In
addition, a histological score21 was applied to quantify the
degree of inflammation on biopsies adjacent to the tissue
studied. PBL or LPL as well as Jurkat A3 cells (wild-type)
(ATCC) and Jurkat I2-1 cells (FADD2/2 cells22) were
resuspended in RPMI 1640 with 10% human serum AB and
cultured for variable time in 24 multiwell plates (Falcon) in a
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Figure 1 Response to Fas stimulation (FasLigand (FasL)) in lamina propria T lymphocytes (LPL) and peripheral blood lymphocytes (PBL). (A) LPL derived
from inflammatory lesions of Crohn’s disease (CD) and ulcerative colitis (UC) patients but not LPL from non-inflammatory controls showed a marked
resistance to Fas induced apoptosis. In contrast (B), PBL from CD as well as from UC displayed a high degree of apoptosis after Fas stimulation
comparable with controls. (C) Comparison of LPL derived from inflammatory and non-inflammatory sections in three CD patients: LPL of inflammatory
areas were resistant to Fas induced apoptosis. Similarly, after pre-stimulation with interleukin 2 (IL-2 50 IU/ml for seven days), cytokine withdrawal
induced only apoptosis in LPL from non-inflammatory sections whereas LPL from inflamed tissue were resistant to IL-2 withdrawal induced apoptosis.
(D) Time-kinetic studies in Fas stimulated PBL revealed an identical apoptosis pattern for inflammatory CD and control patients.
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humidified incubator (5% CO2) at a concentration of
16106 cells/ml.

Apoptosis assays
For analysis of apoptosis, the different (freshly isolated or IL-2
activated) PBL, LPL, or Jurkat cell lines were stimulated
with a bioactive FasL supernatant obtained from Neuro 2a-
FasL cells (dilutions 1:32 to 1:4) known to potently induce
apoptosis via Fas.23 In separate experiments, apoptosis was
induced by IL-2 withdrawal in PBL or LPL after a seven day
stimulation period with IL-2 (50 IU/ml). In parallel experi-
ments, cells were stimulated for 24–48 hours with sulphasa-
lazine, 4-ASA, 5-ASA, sulphapyridine, and N-acetyl-cysteine,
alone or in combinations (all Sigma-Aldrich, Taufkirchen,
Germany) at concentrations from 0.01 to 5 mM freshly
dissolved and directly diluted in RPMI 1640. In a different
experimental setting, the broad range caspase inhibitor
zVAD-fmk or the caspase-3 specific inhibitor zDEVD-fmk
(100 mmol, both Alexis, Grunberg, Germany) was added
before the above described stimulation of PBL, LPL, or
different Jurkat cells. Apoptosis was monitored using the
annexin V assay with propidium iodide counterstaining
(Becton Dickenson, Pont de Claix, France) allowing quan-
tification by flow cytometry (BDLSR; Becton Dickinson). In
parallel, typical morphological characteristics of apoptosis
were confirmed by immunofluorescence microscopy
(Axioplan II; Zeiss, Jena Germany) and photodocumented
after staining with the DNA-dye HOECHST 33342 (1 mg/ml)
using a cooled CCD camera (Spot 2; Diagnostic Instruments,
Serling Heights, Michigan, USA).
In parallel experiments, Jurkat cells stimulated as indi-

cated above were lysed in ice cold lysis buffer (50 mM Tris,
150 mM NaCl, 10 mM EDTA, 1% Triton) supplemented with
a mixture of protease inhibitors (Boehringer, Mannheim,

Germany). Equivalent protein samples (20 mg) were resolved
on 8–14% sodium dodecyl sulphate-polyacrylamide gels and
transferred onto nitrocellulose membranes (Bio-Rad,
Marnes-la-Coquette, France). For immunodetection, mem-
branes were incubated overnight with anti-caspase-3 (0.5 mg/
ml; Clinisciences, Paris, France), anti-caspase-9 (1:800
dilution; BD), anti-FLIP (1 mg/ml; Alexis-Coger, Paris,
France), or anti-cIAP1 (1.0 mg/ml) and anti-cIAP2 antibody
(1.5 mg/ml; both R+D Systems, Wiesbaden, Germany) in Tris
buffered saline containing Tween 20–5% milk powder,
followed by incubation with the corresponding horseradish
peroxidase conjugated antibody (antimouse IgG 1:5000,
antirabbit IgG 1:6000; Biosource, Hamburg, Germany). In
parallel, expression and drug induced modulation of various
bcl proteins were analysed in the same manner using highly
specific rabbit-anti-bak antibody (1:800 dilution), rabbit-
anti-bax antibody (1:700 dilution), rabbit anti-bcl-2 antibody
(1:700; all three antibodies from BD Pharmingen, Heidelberg,
Germany), and an anti-bcl-xl antibody (1 mg/ml; R+D
Systems). Labelled bands were read by enhanced chemilu-
minescence (ECL-kit; Amersham, Freiburg, Germany) and
photodocumented.

Statistical analysis
Results of apoptosis analyses are reported as mean (SEM) of
triplicate samples. Significance was established at 95%, and
determined by the Wilcoxon test (SPSS for Windows).

RESULTS
LPL but not PBL of CD patients are resistant to FAS
induced apoptosis
To address the question of a general T lymphocyte apoptosis
defect in CD, we analysed and compared Fas induced
apoptosis of autologous LPL of highly inflammatory colonic
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Figure 2 Effect of sulphasalazine on
peripheral blood lymphocyte (PBL)/
lamina propria T lymphocyte (LPL)
apoptosis. Stimulation with
sulphasalazine induced dose
dependent apoptosis in (A) PBL or
(B) LPL from inflammatory lesions in
Crohn’s disease (CD) patients. In
contrast, sulphapyridine, 5-amino
salicylic acid (5-ASA) or the
combination of both drugs had no
proapoptotic effect at any concentration
tested. (C) Flow cytometric analysis of
PBL from an inflammatory CD patient
allowed quantification of early and late
apoptotic events after sulphasalazine
stimulation using the annexin V-
propidium iodide assay (see material
and methods). ***p,0.001.
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mucosa (histological score .5) and PBL (from the same
patient). As shown in fig 1 (A, B), Fas induced apoptosis (at
all FasL concentrations tested) was markedly lower in LPL
(mean 11 (4%), median 9.2% at FasL 1:4) compared with
activated PBL (mean 43 (7)%, median 46.3%) (p,0.005). In
keeping with the findings of Boirivant and colleagues,6 LPL
derived from the inflamed tissue were markedly more
resistant to apoptosis not only in CD but also in UC patients
than LPL isolated from histologically normal colon in controls
(fig 1A). To analyse the role of the inflammatory reaction in
LPL apoptosis, we compared LPL from highly inflammatory
areas (histological score .5) to uninvolved tissue (histologi-
cal score 0) in three CD patients (fig 1C). Susceptibility to Fas
induced apoptosis was markedly lower in LPL derived from
inflammatory areas than in LPL from non-inflammatory
sections. Similarly, withdrawal of IL-2 in IL-2 pre-stimulated
LPL induced almost no apoptosis in cells from inflammatory
(median 15.2%) compared with non-inflammatory (median
35.3%) areas. In contrast, Fas or IL-2 withdrawal induced
apoptosis of IL-2 activated PBL was comparable in CD
patients and controls (fig 1D).

Sulphasalazine but not sulphapyridine or 5-ASA
induces apoptosis in T lymphocytes of CD patients
In the next step, we analysed the effects of 5-ASA and
derivates on PBL and LPL apoptosis. As shown in fig 2,
sulphasalazine was a potent inducer of lymphocyte apoptosis,
both in PBL and LPL of CD patients. A maximal effect was
observed at a 2.0 mM concentration, the proportion of
apoptotic cells reaching 78 (3)% and 83 (5)% (p,0.001 versus
control) for PBL and LPL, respectively. In contrast, no
apoptotic response was noted in PBL or LPL of CD patients
after stimulation with 5-ASA or sulphasalazine alone or in
combination. These findings indicate that only the intact
molecule sulphasalazine (5-ASA linked to sulphapyridine)
has a specific proapoptotic effect. As additional controls,
4-ASA and N-acetyl cysteine were used, which were both

without proapoptotic effects (data not shown). No significant
difference in sulphasalazine induced apoptosis in LPL or
PBL was observed between CD or UC or between CD and
non-inflammatory controls. The apoptotic nature of cell
death in sulphasalazine treated PBL and LPL was confirmed
by immunofluorescence which showed condensation and
fragmentation of the nuclei and formation of apoptotic
bodies. In addition, annexin V staining of sulphasalazine
treated PBL or LPL allowed identification of the flip of
phosphatidyl serine to the outer plasma membrane in early
apoptotic cells (fig 2C). Induction of apoptosis by sul-
phasalazine was independent of the activation status of
lymphocytes as the response to sulphasalazine was compar-
able in freshly isolated PBL and IL-2 activated PBL (data not
shown).

Molecular mechanisms of sulphasalazine induced T
lymphocyte apoptosis
Using the Jurkat T cell line, a detailed analysis of the
molecular mechanisms of sulphasalazine induced apoptosis
was performed. Similar to PBL or LPL, Jurkat cells rapidly
underwent apoptosis after stimulation with sulphasalazine
whereas neither 5-ASA, sulphapyridine, alone or in combina-
tion, nor 4-ASA or NAC had any proapoptotic effects (fig 3).
However, Jurket cells were slightly less sensitive to sulpha-
salazine induced apoptosis compared with PBL or LPL.
Given the fact that LPL of CD patients are resistant to Fas

induced apoptosis, and that they respond to sulphasalazine
induced apoptosis, we wished to test the hypothesis that the
effect of sulphasalazine on T lymphocyte apoptosis was
independent of Fas. Therefore, we used FADD-neg dominant
mutant Jurkat cells, which are resistant to death receptor
induced apoptosis, particularly to Fas (fig 3D). As observed
with wild-type Jurkats and PBL/LPL of CD patients,
sulphasalazine was a potent inducer of apoptosis in FADD-
neg Jurkat cells, confirming that Fas and DISC formation
with FADD was not required (fig 3A).
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Figure 3 Role of Fas/Fas associated death domain protein (FADD) in sulphasalazine induced apoptosis. (A) Jurkat T cells responded with apoptosis
after sulphasalazine stimulation in a way similar to peripheral blood lymphocytes (PBL)/lamina propria T lymphocytes (LPL). Wild-type (WT) and
FADD-neg Jurkat showed the same apoptotic response to sulphasalazine. In contrast, 5-amino salicylic acid (5-ASA), sulphapyridine, 4-ASA, or NAC
failed to induce Jurkat apoptosis (B). (C) Morphological analysis of sulphasalazine induced apoptosis (immunofluorescence after HOECHST33342
staining) revealed nuclear condensation and fragmentation of treated cells comparable with Fas induced apoptosis. (D) FADD-neg Jurkat cells were
resistant to Fas induced apoptosis confirming that sulphasalazine induced apoptosis was independent of a functional death inducing signalling
complex.

Sulphasalazine induced LPL apoptosis 1635

www.gutjnl.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.2003.037911 on 11 O

ctober 2004. D
ow

nloaded from
 

http://gut.bmj.com/


Based on the observation that sulphasalazine induced
apoptosis was independent of the formation of a DISC, we
analysed the role of the mitochondrial signalling apoptosis
pathway after sulphasalazine stimulation. This pathway is
under the close control of antiapoptotic bcl molecules.
Analysis of the bcl-rheostate by western blots revealed
marked downregulation of the antiapoptotic molecules
bcl-xl and bcl-2 in response to sulphasalazine whereas levels
of the proapoptotic molecules bax and bak remained
unchanged (fig 4). 5-ASA, sulphapyridine, and the combina-
tion of both drugs did not alter expression of either bcl

molecule. Similarly, 4-ASA and NAC had no effect on bcl
molecule expression (data not shown). This sulphasalazine
induced shift in the blc-rheostate was accompanied by
activation of the mitochondrial apoptosis pathway, as seen
in the activation of caspase-9, demonstrated by its total
proteolysis (fig 4B).
The role of the caspase signaling cascade in response to

sulphasalazine was further demonstrated using the broad
range caspase inhibitor zVAD-fmk which blocked apoptosis
of Jurkat cells in a dose dependent manner (fig 4C).
Furthermore, caspase-3 was identified as an executionary
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Figure 4 Mechanisms of sulphasalazine induced apoptosis. (A) Sulphasalzine induced a shift in bcl homeostasis towards a proapoptotic constellation
by reducing antiapoptotic bcl-xl and bcl 2 expression, without affecting expression of proapoptotic bax or bak, as shown by western blot analysis. In
contrast, 5-amino salicylic acid (5-ASA), sulphapyridine, alone or in combination, did no alter any bcl molecule expression. (B) Activation of caspase-9
in response to sulphasalazine was demonstrated in an indirect way by disappearance of the proenzyme at 48/46 kDa; 5-ASA and sulphapyridine
had no effect. (C) Inhibition of the caspase cascade using the broad range caspase inhibitor zVAD-fmk blocked sulphasalazine induced apoptosis, as
did the caspase-3 specific inhibitor zDEVD-fmk. (D) Activation of caspase-3 after sulphasalazine stimulation was monitored by western blot, showing
the occurrence of the active enzymes at 17 and 12 kDa with the proenzyme migrating at 32 kDA. Again, 5-ASA, sulphapyridine, and the combination
of both drugs had no effect on caspase-3. One of three representative experiments is shown.
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caspase, as demonstrated by the occurrence of activated
caspase-3 in response to sulphasalazine stimulation, whereas
5-ASA and sulphapyridine alone or in combination had no
effect (western blot analysis, fig 4D). Noticeably, sulphasal-
azine, 5-ASA, or sulphapyridine did not modify expression of
antiapoptotic IAP molecules (cIAP1, cIAP2, XIAP, or FLIP,
data not shown).

DISCUSSION
Under normal conditions, the intestinal immune system is in
a physiological state of controlled inflammation. To limit a
potentially harmful immune reaction, activated T lympho-
cytes are rapidly eliminated by apoptosis. However, in
patients with IBD, a defect of T lymphocyte apoptosis was
described.1 2 4 In the present study, we confirmed and
extended previous findings of a markedly reduced suscept-
ibility towards activation induced apoptosis of LPL in CD.
However, our data do not suggest a primary intrinsic
apoptosis defect in T lymphocytes in CD or UC. Only T cells
in the inflamed intestinal mucosa were resistant to Fas or
cytokine withdrawal induced apoptosis whereas autologous
LPL from non-inflamed areas displayed a normal apoptotic
response. In addition, PBL from all IBD patients responded
normally to Fas induced apoptosis. Therefore, we hypothesise
that the inflammatory reaction induces upregulation of
antiapoptotic molecules in T lymphocytes. Accordingly,
enhanced expression of antiapoptotic bcl molecules has
previously been described in CD.4–7 This hypothesis is further
supported by the observation that resistance of LPL to Fas
induced apoptosis occurred under different mucosal inflam-
matory conditions, independent of the underlying disease
(CD or UC).
Sulphasalazine is composed of a 5-ASA and sulphapyridine

moiety. This drug is considered as mainstay therapy for
Crohn’s colitis or UC.24 In the past, sulphasalazine was
believed to be a prodrug, with the 5-ASA moiety as the active
substance and sulphapyridine as the carrier. However, recent
work indicated that sulphasalazine is a biologically active
substance with potent anti-inflammatory effects on intestinal
epithelial cells or T lymphocytes. Via inhibition of the
inflammatory pathway NFkB, sulphasalazine was shown to
interfere with regulation of apoptosis.25 26 In the present
study, we provided experimental data showing that sulpha-
salazine had a potent proapoptotic effect on T lymphocytes of
CD patients. Interestingly, there was no marked difference in
inducing apoptosis in PBL compared with LPL in response to
sulphasalazine stimulation. 5-ASA as well as sulphapyridine
failed to induce apoptosis in T lymphocytes; even the
combined use of both drugs had no proapoptotic effect,
confirming previous findings that intact sulphasalazine is the
effector molecule.14 25 This observation may explain the
beneficial effect of sulphasalazine in IBD patients who fail
to respond to 5-ASA treatment. Sulphasalazine concentra-
tions in the inflamed intestine and colon are unknown.
However, serum levels in patients treated with sulphasala-
zine were measured between 0.025 and 0.05 mM, with stool
concentrations of approximately 2 mM.27 Therefore, the
sulphasalazine doses used in this study may be within the
hypothetical therapeutic range achieved within the intestinal
mucosa.
Analysing the molecular mechanisms of T lymphocyte

apoptosis in response to sulphasalazine, we observed that this
drug interferes with expression of antiapoptotic molecules of
the bcl family, thereby activating the mitochondrial apop-
tosis pathway. In fact, the bcl family plays an important
regulatory role in the control of the mitochondrial apoptosis
pathway, with antiapoptotic bcl2 or bcl-xl blocking proapop-
totic bak or bax by the formation of heterodimers.13 A shift
towards a proapoptotic constellation can result either from

upregulation of proapoptotic bak or bax or from down-
regulation of antiapoptotic bcl2 or bcl-xl, as observed here in
sulphasalazine treated T cells. This proapoptotic shift results
in the formation of bak-bak or bax-bax homodimers which
change the configuration of the mitochondrial membrane.28

This allows the exit of intramitochondrial molecules, such as
AIF or cytochrome-c, into the cytoplasmic compartment.28 29

Whereas AIF induces apoptosis in a caspase independent
manner through nuclear translocation, cytoplasmic cyto-
chrome-c binds to APAF1 and caspase-9 forming a so-called
apoptosome.30 In the present work, we showed in Jurkat cells
that stimulation with sulphasalazine results in activation of
caspases-9 and -3. However, Liptay and colleagues26 recently
suggested an additional caspase independent mechanism.
Sulphasalazine induced apoptosis was clearly independent of
Fas or other death receptor induced apoptosis as FADD-neg
Jurkat cells underwent apoptosis in a manner identical to
wild-type cells after stimulation with sulphasalazine.
Costimulation of LPL, PBL, or Jurkat cells with Fas and
sulphasalazine showed only an additive, but no synergistic,
effect (data not shown).
There is increasing evidence that induction of apoptosis in

immune competent cells of the lamina propria is a more
general and perhaps a crucial effect in the treatment of CD.
Theoretically, elimination of activated LPL via apoptosis
should suppress a chronic inflammatory process. In fact,
Tiede and colleagues31 recently proposed that the beneficial
effect of azathioprine/6-mercaptopurine in IBD is based on
induction of apoptosis in activated lamina propria T cells.
Similarly, the sustained anti-inflammatory effect of one
single infusion of the anti-tumour necrosis factor antibody
infliximab is attributed to its apoptosis inducing effect in
lamina propria monocytes and T lymphocytes.32 33 In the
present work, we were able to show that sulphasalazine is a
potent proapoptotic drug in T lymphocytes of patients with
IBD. Induction of apoptosis in LPL or PBL was independent
of their activation status which is in clear contrast with the
proapoptotic effect of other therapies such as azathioprine/
6-mercaptopurine. The optimal anti-inflammatory or immuno-
suppressive drug in the treatment of CD should selectively
block or eliminate the main effector subgroup of activated
intestinal immune competent cells. One mechanism could
in fact be induction of apoptosis in these cells. Hopefully,
in the near future more potent and more selective immune
modulatory drugs will become available for the treatment
of CD.
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F Rieux-Laucat, INSERM U429, Hôpital Necker Enfants Malades,
University Paris V, Paris, France

REFERENCES
1 Fiocchi C. Inflammatory bowel disease: etiology and pathogenesis.

Gastroenterology 1998;115:182–205.
2 Podolsky DK. Inflammatory bowel disease. N Engl J Med 2002;347:417–29.

Sulphasalazine induced LPL apoptosis 1637

www.gutjnl.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.2003.037911 on 11 O

ctober 2004. D
ow

nloaded from
 

http://gut.bmj.com/


3 Shanahan F. Crohn’s disease. Lancet 2002;359:62–9.
4 Levine AD. Apoptosis: Implications for inflammatory bowel disease. IBD

2000;6:191–205.
5 Ina K, Itoh J, Fukushima K, et al. Resistance of Crohn’s disease T cells to

multiple apoptotic signals is associated with a Bcl-2/Bax mucosal imbalance.
J Immunol 1999;163:1081–90.

6 Boirivant M, Marini M, Di Felice G, et al. Lamina propria T cells in Crohn’s
disease and other gastrointestinal inflammation show defective CD2 pathway-
induced apoptosis. Gastroenterology 1999;116:557–65.

7 Itoh J, de La Motte C, Strong SA, et al. Decreased Bax expression by mucosal
T cells favours resistance to apoptosis in Crohn’s disease. Gut
2001;49:35–41.

8 Atreya R, Mudter J, Finotto S, et al. Blockade of interleukin 6 trans signaling
suppresses T-cell resistance against apoptosis in chronic intestinal
inflammation: Evidence in Crohn’s disease and experimental colitis in vivo.
Nat Med 2000;6:583–8.

9 Nagata S. Apoptosis by death factor. Cell 1997;88:355–65.
10 Nagata S, Golstein P. The Fas death factor. Science 1995;267:1449–56.
11 Green DR. Apoptotic pathways: the roads to ruin. Cell 1998;94:695–8.
12 Goyal L. Cell death inhibition: keeping caspases in check. Cell

2001;104:805–8.
13 Green DR, Reed JC. Mitochondria and apoptosis. Science

1998;281:1309–12.
14 Wahl C, Liptay S, Adler G, et al. Sulfasalazine: a potent and specific inhibitor

of nuclear factor kappa B. J Clin Invest 1998;101:1163–74.
15 Kaiser GC, Yan F, Polk DB. Mesalamine blocks tumor necrosis factor growth

inhibition and nuclear factor kappaB activation in mouse colonocytes.
Gastroenterology 1999;116:602–9.

16 Kreuz S, Siegmund D, Scheurich P, et al. NF-kappaB inducers upregulate
cFLIP, a cycloheximide-sensitive inhibitor of death receptor signaling. Mol Cell
Biol 2001;21:3964–73.

17 Evans CM, Beattie RM, Walker-Smith JA. Inflammatory bowel disease in
childhood. In: Allan RN, Rhodes JM, Hanauer SB, et al, eds. In: Inflammatory
bowel diseases, 3rd edn. New York: Churchill, Livingstone, 1997:647–70.

18 Cellier C, Patey N, Mauvieux L, et al. Abnormal intestinal intraepithelial
lymphocytes in refractory sprue. Gastroenterology 1998;114:471–81.

19 Kugathasan S, Willis J, Dahms BB, et al. Intrinsic hyperreactivity of mucosal T
cells to interleukin-2 in pediatric Crohn’s disease. J Pediatr
1198;133:675–99.

20 Mary JY, Modigliani R. Development and validation of an endoscopic index of
the severity for Crohn’s disease: a prospective multicentre study. Groupe
d’Etudes Therapeutiques des Affections Inflammatoires du Tube Digestif
(GETAID). Gut 1989;30:983–9.

21 D’Haens GR, Geboes K, Peeters M, et al. Early lesions of recurrent Crohn’s
disease caused by infusion of intestinal contents in excluded ileum.
Gastroenterology 1998;114:262–7.

22 Juo P, Woo MS, Kuo CJ, et al. FADD is required for multiple signaling events
downstream of the receptor Fas. Cell Growth Differ 1999;10:797–804.

23 Shimizu M, Fontana A, Takeda Y, et al. Induction of antitumor immunity with
Fas/APO-1 ligand (CD95L)-transfected neuroblastoma neuro-2a cells.
J Immunol 1999;162:7350–7.

24 Hanauer SB, Present DH. The state of the art in the management of
inflammatory bowel disease. Rev Gastroenterol Disord 2003;3:81–92.

25 Liptay S, Bachem M, Hacker G, et al. Inhibition of nuclear factor kappa B and
induction of apoptosis in T-lymphocytes by sulfasalazine. Br J Pharmacol
1999;128:1361–9.

26 Liptay S, Fulda S, Schanbacher M, et al. Molecular mechanisms of
sulfasalazine-induced T-cell apoptosis. Br J Pharmacol 2002;137:608–20.

27 Peppercorn MA, Goldman P. Distribution studies of salicylazosulfapyridine
and its metabolites. Gastroenterology 1973;64:240–5.

28 Daugas E, Susin SA, Zamzami N, et al. Mitochondrio-nuclear translocation of
AIF in apoptosis and necrosis. FASEB J 2000;14:729–39.

29 Jurgensmeier JM, Xie Z, Deveraux Q, et al. Bax directly induces release of
cytochrome c from isolated mitochondria. Proc Natl Acad Sci U S A
1998;95:4997–5002.

30 Tsujimoto Y. Role of Bcl-2 family proteins in apoptosis: apoptosomes or
mitochondria? Genes Cells 1998;3:697–707.

31 Tiede I, Fritz G, Strand S, et al. CD28-dependent Rac1 activation is the
molecular target of azathioprine in primary human CD4+T lymphocytes. J Clin
Invest 2003;111:1133–45.

32 Van den Brande JM, Braat H, van den Brink GR, et al. Infliximab but not
etanercept induces apoptosis in lamina propria T-lymphocytes from patients
with Crohn’s disease. Gastroenterology 2003;124:1774–85.

33 Lugering A, Schmidt M, Lugering N, et al. Infliximab induces
apoptosis in monocytes from patients with chronic active Crohn’s
disease by using a caspase-dependent pathway. Gastroenterology
2001;121:1145–57.

1638 Doering, Begue, Lentze, et al

www.gutjnl.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.2003.037911 on 11 O

ctober 2004. D
ow

nloaded from
 

http://gut.bmj.com/

