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SUMMARY

In coeliac disease (CD) immunological abnormalities are not con®ned to the small bowel and it has

been suggested that changes in peripheral blood lymphocytes (PBL), such as lymphopenia and

increased T-cell activation, may predispose to malignant or autoimmune complications of this

condition. In the light of the recent ®ndings about the Fas±Fas ligand (FasL) system in regulating

lymphocyte homeostasis, the aim of the present study was to investigate peripheral lymphocyte Fas-

mediated apoptosis in CD to establish whether the homeostatic role of apoptosis in peripheral T-cell

selection is maintained. Moreover, because a soluble form of Fas has been described to be

functionally implicated in the Fas signalling system, suggesting a relationship between some

disorders and soluble Fas function, we measured levels of soluble Fas in sera of coeliac patients and

analysed the relationship between these levels and the proportions of apoptotic and Fas+ PBL to

further explore the function of the Fas±FasL pathway in this condition. Finally, we evaluated

whether the increased prevalence of anticardiolipin antibodies, recently described in CD, could be

related to PBL apoptosis in this condition. We demonstrated an increased apoptosis and higher

levels of Fas and FasL expression in PBL isolated from untreated coeliac patients when compared

to treated coeliac patients and controls. In addition, low levels of soluble Fas and a signi®cant

positive correlation between anticardiolipin antibodies and PBL apoptosis were found in untreated

CD. Then, our results showed an increased susceptibility of PBL to undergo Fas-mediated

apoptosis in active CD. This increased apoptosis could be responsible for both lymphopenia

and immunogenic exposure of phospholipids with subsequent production of autoantibodies.

INTRODUCTION

Coeliac disease (CD) is an immune-mediated enteropathy

caused, in genetically susceptible individuals, by a T-cell

response to a new epitope generated by the transglutami-

nase-driven deamidation of dietary gliadin.1,2 In CD, however,

immunological abnormalities are not con®ned only to the

small bowel mucosa, and some years ago it was suggested

that changes in peripheral blood lymphocytes (PBL) may

predispose to the autoimmune and malignant complications

of this condition.3±5

In a recent study6 we con®rmed the peripheral reduction of

both total and T lymphocytes, shown in untreated CD by

earlier studies,7,8 and found an increased T-cell activation.

Activation-induced lymphocyte apoptosis9 has been pro-

posed as a homeostatic mechanism ensuring the deletion of

unwanted T cells.10,11 On this basis, we investigated whether

in CD peripheral T lymphocyte depletion, formerly considered

secondary to the compartmentalization of gluten-sensitive

lymphocytes within the intestinal mucosa12 and/or to their loss

into the gut lumen,13 could indeed result from their increased

apoptosis. In addition, because Fas±Fas ligand (FasL) system

is known to have a crucial role in maintaining apoptosis-

mediated lymphocyte homeostasis and T-cell tolerance,14,15 we

evaluated the role of this proapoptotic pathway in triggering

PBL apoptosis in CD.

Recently, a soluble form of Fas, derived from alter-

native splicing of the Fas gene, has been described to be func-

tionally implicated in the Fas signalling system by protecting

lymphocytes from apoptosis.16 Accordingly, a further aim of
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our study was to determine whether soluble Fas might control

Fas±FasL-induced peripheral apoptosis.

Finally this report focuses on the mechanism of the

increased prevalence of autoantibodies, such as anticardiolipin

antibodies, in CD.17 Production of autoantibodies against

phospholipids of the inner lea¯et of the cell membrane may be

due to a dysregulation of apoptosis in the peripheral immune

system,18,19 and we looked for a relationship between

anticardiolipin autoantibody formation and degree of PBL

apoptosis.

MATERIALS AND METHODS

Patients

Peripheral blood and serum samples were obtained from 30

patients with biopsy-proven CD. Fifteen patients (mean age

37.8 years, range 19±66) were untreated, whereas the remaining

15 (mean age 38.1 years, range 21±69) had been on a gluten-

free diet for at least 12 months at the time of the study. In all of

them a histological improvement of jejunal mucosa following

gluten withdrawal was shown. Twenty anti-endomysial anti-

body-negative healthy volunteers, sex- and age-matched (mean

age 36.9 years, range 19±67) with the patients, were also

studied. Human leucocyte antigen (HLA) status has been

investigated in all the subjects who took part in the study. All

coeliac patients were HLA-DQ2+, while only two of 20 healthy

volunteers had an HLA-DQ2 aplotype. Serum samples were

aliquoted and stored at x80u until use. Informed consent was

obtained from all patients and control subjects.

PBL isolation

PBL were isolated from heparinized peripheral blood by

Lymphoprep gradient centrifugation (Nicamed, Oslo,

Norway), and further puri®ed by plastic adherence to remove

monocytes. Cell recovery was routinely 85±95% and viability

exceeded 95%, as detected by trypan blue exclusion assay. The

resulting PBL population was more than 80% CD3+, as

assessed by ¯ow-cytometric analysis on a FACScan II analyser

(Becton Dickinson Co., San Jose, CA).

Apoptosis evaluation by propidium iodide solution

Apoptosis was measured by ¯ow cytometry as described

elsewhere.20 After culturing, cells were centrifuged, and the

pellets were gently resuspended in 1.5 ml hypotonic propidium

iodide solution (PI; 50 mg/ml in 0.1% sodium citrate plus 0.1%

Triton-X-100; Sigma Chemical Co., St Louis, MO). The tubes

were kept at 4u in the dark overnight. The PI-¯uorescence of

individual nuclei was measured by ¯ow cytometry with

standard FACScan equipment (Becton Dickinson). The nuclei

traversed the light beam of a 488-nm argon laser. A 560-nm

dichroid mirror (DM 570) and a 600-nm band pass ®lter (band

width 35 nm) were used to collect the red ¯uorescence caused

by PI DNA staining, and the data were recorded in logarithmic

scale in a Hewlett Packard (HP 900D, model 310) computer.

The percentage of apoptotic cell nuclei (subdiploid DNA peak

in the DNA ¯uorescence histogram) was calculated with

speci®c FACScan research software (Lysis II).

Immuno¯uorescence and ¯ow cytometry

Freshly isolated PBL were washed twice in phosphate-buffered

saline (PBS) containing 2% fetal calf serum (FCS) and

incubated at 4u for 30 min with phycoerythrin-labelled anti-

Fas mouse monoclonal antibody (mAb) immunoglobulin G1

(IgG1; Coulter/Immunotech, Inc., Westbrook, ME) and

¯uoroscein isothiocyanate-labelled anti-FasL mouse mAb

IgG2 (Upstate Biotechnology, Lake Placid, NY). Based on

the forward- and side-scatter, cells were gated on the area

corresponding to lymphocytes and analysed by FACScan ¯ow

cytometer, using the Lysis II software (Becton Dickinson). The

proportions of Fas- and FasL-expressing lymphocyte sub-

populations were determined by dual-colour analysis using

¯uoroscein isothiocyanate- or phycoerythrin-conjugated mAb

directed against CD4 (anti-human Leu-3a, mouse IgG1, clone

SK3; Becton Dickinson) and CD8 (anti-human Leu-2a, mouse

IgG1, clone SK1; Becton Dickinson).

Lymphocyte culture with ZB4 anti-Fas blocking antibody

To determine whether PBL apoptosis in CD could involve Fas±

FasL interaction, the effect of an antagonistic ZB4 anti-Fas

antibody (Ancell Corporation, Bayport, MN) was analysed.

Freshly isolated coeliac and control PBL were incubated at 37u
in a 5% CO2 atmosphere for 24 hr in the absence or presence

of 2 mg/ml ZB4 anti-Fas blocking antibody added to the

culture medium. Quanti®cation of apoptotic cells in lympho-

cyte cultures was performed by ¯ow cytometry with PI staining

as decribed above.

Soluble Fas detection

Serum soluble Fas levels were detected by enzyme-linked

immunosorbent assay (ELISA; sAPO-1/Fas ELISA Kit,

Alexis, San Diego, CA). According to the manufacturer's

instructions serum levels were expressed as pg/ml. Sera

obtained from 15 anti-endomysial antibody-negative patients

with autoimmune diseases, such as systemic lupus erythema-

tosus (n=4), rheumatoid arthritis (n=4), systemic sclerosis

(n=2), SjoÈgren's syndrome (n=2), polymyositis/dermatomyo-

sitis (n=2), and mixed connective tissue disease (n=1), were

used as positive controls as it is known that most of these

patients have elevated levels of soluble Fas.21

Anticardiolipin antibody assay

Serum anticardiolipin auto-antibodies were determined by

ELISA assay (VARELISA Cardiolipin Antibodies Enzyme

Immunoassay, Pharmacia & Upjohn Diagnostics, Freiburg,

Germany). According to the manufacturer's instructions,

serum levels were calculated from the absorbance measurement

of the sample, and expressed as percentages with respect to a

reference serum sample supplied by the manufacturer.

Statistical analysis

Data are expressed as mean percentage. Statistical compar-

isons between mean values were carried out using the

Mann±Whitney U-test for non-parametric data. Correlations

were studied by Spearman's rank correlation test. A level of

P<0.05 was considered statistically signi®cant.

RESULTS

PBL apoptosis

In untreated CD, the percentages of apoptotic PBL (mean

16.6%, range 8.7±40.6) were signi®cantly higher than in treated
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patients (mean 6.1%, range 0.6±12.3, P<0.01) and controls

(mean 1.9%, range 0.32±4.99, P<0.001). No signi®cant

difference was found between treated coeliac patients and

controls.

Fas and FasL espression by PBL

Figure 1 shows ¯ow cytometric analysis of Fas and FasL

expression by PBL isolated from an untreated coeliac patient, a

treated coeliac patient, and a healthy volunteer. In untreated

CD, the percentages of Fas+ PBL (mean 52.6%, range

38.3±66.7) were signi®cantly higher than in treated patients

(mean 37.0%, range 23.3±61.1, P<0.05) and controls (mean

27.0%, range 20.9±41.6, P<0.001). No signi®cant difference

was found between treated coeliac patients and controls. In

untreated CD, the percentages of FasL+ PBL (mean 14.1%,

range 5.3±36.6) were signi®cantly higher than in treated

patients (mean 6.8%, range 0.8±14.5, P<0.05) and controls

(mean 2.3%, range 0.3±6.4, P<0.001). In treated CD, FasL+

PBL were signi®cantly higher than in controls (P<0.05).

Data about Fas and FasL expression in peripheral

lymphocyte subsets from the three groups studied are

summarized in Table 1. In untreated CD, a signi®cantly higher

percentage of FasL+ cells in both CD4+ and CD8+ subsets

when compared with treated CD and controls was found. In

treated CD, the percentages of FasL+ CD4+ and CD8+

lymphocytes were signi®cantly higher than in controls. Fas

expression was found signi®cantly higher in CD8+ lympho-

cytes when compared to treated coeliac patients and controls,

but did not differ in CD4+ lymphocytes between the three

groups studied. In treated CD, the percentages of Fas+ CD8+

lymphocytes were signi®cantly higher than in controls.

PBL culture with ZB4 anti-Fas blocking antibody

To investigate whether the PBL apoptosis is mediated by a Fas-

dependent mechanism, we added the antagonistic ZB4 anti-

Fas antibody, which blocks the cognate interaction between Fas

and FasL, to the culture of both coeliac and control PBL. After

4 hr culture, a moderate number of coeliac PBL were apoptotic

(mean 16.1%). On the contrary, when ZB4 anti-Fas blocking

was added to the culture, the percentages (mean 6.4%)

signi®cantly decreased (P<0.001) as shown in Fig. 2. As

regards PBL isolated from healthy volunteers, after 4 hr

culture lymphocyte apoptosis was slight (mean 2.1%), but

decreased signi®cantly (P<0.05) in the presence of ZB4

anti-Fas blocking (mean 0.9%).

Serum levels of soluble Fas

Figure 3 shows levels of soluble Fas in sera of untreated coeliac

patients, treated patients, healthy volunteers and autoimmune

disease patients as positive controls. In untreated CD, serum

soluble Fas levels were signi®cantly lower (mean 45.1 pg/ml,

range 33±60) than in healthy volunteers (mean 69.5 pg/ml,

range 36±108, P<0.05). No signi®cant difference was found

between untreated and treated patients (mean 63.9 pg/ml,

range 34±93) and between treated patients and healthy

volunteers. In all the three groups studied the soluble Fas

serum levels were signi®cantly lower compared to autoimmune

disease patients (mean 167.1 pg/ml, range 69±539, P<0.001).

In untreated CD, signi®cant inverse correlations were

found between soluble Fas levels and PBL apoptosis (Fig. 4a),

and between soluble Fas levels and Fas expression on PBL

(Fig. 4b).
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Figure 1. Flow cytometric histogram analysis of Fas and FasL expression by PBL of an untreated coeliac patient, a treated coeliac

patient, and a healthy volunteer.

Table 1. Expression of Fas and FasL in PBL subsets

Mean percentage of positive cells (range)

CD4+ CD8+

Fas+ FasL+ Fas+ FasL+

Untreated coeliacs 18.3 5.7{1 24.1{1 8.3{1
(12.2±20.1) (2.1±18.0) (18.2±36.3) (7.1±21.7)

Treated coeliacs 15.6 2.1* 11.2{ 4.2{
(10.3±18.6) (0.7±4.5) (8.4±19.7) (0.9±14.6)

Healthy volunteers 15.1 0.9 6.2 1.3

(8.0±17.5) (0.4±2.1) (9.3±4.4) (0.5±3.6)

*P<0.05 versus healthy volunteers; {P<0.01 versus treated coeliacs;
{P<0.01 versus healthy volunteers; 1P<0.001 versus healthy volunteers.
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Anticardiolipin antibodies

In untreated CD, the percentages of anticardiolipin antibodies

(mean 14.6%, range 8±26) were signi®cantly higher than in

treated patients (mean 8.2%, range 3±18, P<0.05) and controls

(mean 6.9%, range 0±19, P<0.01). No signi®cant difference

was found between treated coeliac patients and controls. In the

group of untreated patients, a signi®cant positive correlation

between anticardiolipin antibodies and PBL apoptosis was

found (Fig. 5).

DISCUSSION

The mechanisms responsible for peripheral lymphopenia of

untreated CD6±8 are still unclear. Because we had previously

demonstrated that the phenotypic changes found in this

condition indicate peripheral T-cell activation,6 it was therefore

of interest to determine whether such cells were characterized

by an abnormal pattern of apoptosis.

The present study shows that PBL shared increased

apoptosis and higher levels of Fas and its ligand in untreated

CD. Because Fas±FasL interaction is closely related to the

process of lymphocyte activation, and is crucial for its control

and termination,22 it is likely that in this condition the

increased propensity of PBL to undergo apoptosis is a

consequence of their greater activation.15 The reduction of

apoptosis observed after culturing coeliac lymphocytes in the

presence of ZB4 anti-Fas antibody supports the involvement of

the Fas±FasL system in CD-associated peripheral lymphocyte

apoptosis.
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Figure 4. Signi®cant inverse correlations in untreated CD between

the percentage of apoptotic PBL and the serum soluble Fas levels

(a), and between the percentage of Fas+ PBL and the serum soluble

Fas levels (b).
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Figure 5. Signi®cant positive correlation in untreated CD between

PBL apoptosis and the serum levels of anticardiolipin antibodies.
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Figure 2. Effect of ZB4 anti-Fas antibody on PBL apoptosis in

untreated coeliac disease. Antagonistic ZB4 reduces Fas-dependent

PBL apoptosis. PBL from active coeliac disease and healthy volunteers

were incubated for 24 hr in the absence (open bars) or presence (black

bars) of 2 mg/ml ZB4 antagonistic antibody. The percentages of

apoptotic cells were determined by PI staining by ¯ow cytometry.

Results are expressed as the meanstSD of three independent

experiments.
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After gluten-free diet, while PBL apoptosis and expression

of Fas turned out to be normal, lymphocyte FasL expression

remained signi®cantly higher than in controls. The lack of

complete normalization of cytotoxic activity by PBL after

treatment might be related to the persistent ingestion of

minimal amounts of gliadin, or to the capacity of dendritic cells

to retain gliadin in its native form for a long time,23 or, ®nally,

to the maintenance of an immunological memory towards

gliadin. Evidence supporting this latter hypothesis comes from

the study by Kerttula et al.24 which shows an enhanced T-cell

`memory activity' in the peripheral blood of treated coeliac

patients in the form of an increased percentage of peripheral

CD45RO+ T cells.

As regards lymphocyte subsets, Fas expression was

signi®cantly increased in CD8+, but not in CD4+ cells.

Although the single proportions of CD4+ and CD8+ subsets

undergoing apoptosis have not been quanti®ed in this study, it

is conceivable that in active CD the PBL apoptotic population

is mainly represented by CD8+ cells. In all the three groups

studied the much higher proportion of FasL+ cells in CD8+

compared to CD4+ subset ®ts with the cytolytic role of CD8+

lymphocytes.

Human activated PBL were recently shown to express not

only the full-length Fas mRNA but also an alternatively spliced

mRNA variant encoding a soluble Fas protein lacking the

transmembrane domain because of the deletion of an exon

encoding this region.16 This truncated Fas molecule has been

proposed to prevent FasL-induced apoptosis, thus providing a

mechanism of escape from immunosurveillance for both

tumour cells and potentially autoreactive lymphocytes.25 In

an attempt to elucidate the role of soluble Fas in mediating

Fas±FasL interaction in CD, the concentration of this protein

was measured in the serum of patients and controls. Our

®nding of low levels of soluble Fas in untreated CD is

consistent with the demonstration that Fas±FasL system

regulates increased PBL apoptosis in this condition, as

con®rmed by the inverse correlation between soluble and

membrane-bound form of Fas, and between soluble Fas and

PBL apoptosis. These results are in agreement with those of Liu

et al.26 who found that activation of PBL yielded a concomitant

increase in cell-surface expressed Fas and a decrease in soluble

Fas mRNA transcripts, thus suggesting that the expression of

these molecules is differentially regulated. In this respect, CD

differs from other autoimmune diseases,16,21,27±29 which are

characterized by increased levels of soluble Fas. It may be

possible that, unlike autoimmune diseases, where raised levels

of soluble Fas protect autoreactive cells from apoptosis so

leading to autoimmune phenomena, its low levels in CD re¯ect

the preservation of the homeostatic and protective role of

apoptosis in the deletion of autoreactive T-cell clones.

Nevertheless, CD has many features in common with classic

autoimmune diseases, including the identi®cation of a speci®c

auto-antigen,1 the association with other autoimmune-type

disorders,30,31 and the occurrence of several organ-speci®c

autoantibodies.32,33 In particular, an increased prevalence of

antibodies directed against intracellular antigens, such as

anticardiolipin antibodies, has been recently shown in CD.17

A novel result of this study consists of the positive correlation

of anticardiolipin antibodies with increased levels of PBL

apoptosis in active CD. Anionic phospholipids are regular

constituents of the inner lea¯et of the cell membrane and,

during the early stages of apoptosis, their exposure34 could

induce humoral immune response.19 Our observation that

anticardiolipin antibodies are related to peripheral lymphocyte

apoptosis may help to explain their occurrence in active CD.

The role of anticardiolipin antibodies in CD, however, is still

obscure. It may be speculated that, similarly to what happens

in human immunode®ciency virus-1 infection,18 they could

co-operate with macrophages in the clearance of peripheral

dead lymphocytes by an enhanced antibody-dependent cellu-

lar cytotoxicity and this engagement could, in turn, justify

why no association between CD and antiphospholipid

syndrome has been reported so far.

In conclusion, our results show an increased susceptibility

of PBL from untreated CD patients to undergo Fas-mediated

apoptosis. If on the one hand this increased apoptosis acts as a

protective mechanism to limit the expansion of unwanted

T cells, on the other it is responsible for both lymphopenia and

immunogenic exposure of phospholipids with subsequent

production of autoantibodies. Moreover, increased PBL

apoptosis and the consequent T-cell functional de®ciency

may render coeliac patients more susceptible to the occurrence

of fatal infections,35,36 malignancy,3,37 and splenic atrophy.8,38

As for the latter, it has been shown that chronic drainage of the

thoracic duct in animals induces generalized reticuloendothelial

atrophy,39 probably caused by the depletion of T lympho-

cytes.40 On the basis of these ®ndings, it would thus be

interesting to verify whether the increased PBL apoptosis

occurring in CD could be in any way involved in the generation

of splenic atrophy in this condition. Interestingly, hyposplen-

ism has also been reported in acquired immune de®ciency

syndrome,41 which, similarly to what we have shown here in

active CD, is characterized by lymphopenia resulting from

peripheral Fas-mediated apoptosis.42
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