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SUMMARY ing IgA anti a-gliadin or anti-tissue transglutami-
nase antibodies. The CD69 expression after stimu-

Coeliac disease (CD) is a T-cell mediated immunaclation was compared with the standard method of

logical disease of the small intestine which is trig-*HTdR incorporation. Our data show that CD69

gered in susceptible individuals by ingestion olexpression is useful to asses a specific T cell

gluten. The pathogenic mechanism of coeliac disresponse ta-gliadin in coeliac disease. in a very

ease, and the role thatgliadin specific T cells play short time. Moreover, the method allows to investi-

in mucosal lesions and their involvement in periphgate T cell response at the lymphocyte subsets lev-

eral blood is not yet explained at all. Previous stucel, which represents a useful tool in the diagnosis of

ies have reported proliferative response-gliadin  coeliac disease.

measured with the classic assayHifdR incorpo-

ration. We analysed the activation antigen CD69 o

T cells from CD patients and normal individuals fol-INTRODUCTION

lowing stimulation with a-gliadin and different

antigens (tetanus toxoid, peptides unrelated t Coeliac disease (CD) is a malabsorptive disorder

gliadin and PHA). CD69 coexpression with T cell characterised by villous atrophy, crypt cell hyper-

CD3+ and proliferation marker Ki67 was evaluatecplasia and infiltration of lymphoid cells in small

with time. intestine mucosa. Dicket al., (1953) established
CD69 coexpression with T cell CD3+, CD4+ andthat coeliac disease is triggered in susceptible indi-

CD8+ was also evaluated. It was found that periptviduals by the ingestion of gluten, the main compo-

eral blood mononuclear cells (PBMC) of coeliacnent of wheat flour. CD is probably an immunolog-

patients increased their percentage of CD69 positivical disease and is closely associated with a particu-

T cells when stimulated with-gliadin, in compari- lar HLA-DQ2 heterodimer (Meukt al.,1995; Sol-

son with cells from controls. Significant T cell acti- lid and Thorsby, 1993; Tighet al.,1993). The path-

vation was found only in subjects not treated witrogenic mechanism which causes mucosal lesions is

the gluten free diet; a positive response was fourstill unknown, although recently Makt al. (1992)

also in two coeliac patients with selective IgA defi-have suggested that CD is an autoimmune disorder

ciency, anti-endomisium negative, without circulat-and not only an enteropathy; indeed, the disease has
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many features which support the autoimmuniMATERIALS AND METHODS

hypothesis: production of autoantibodies (antien

domysial antireticulin, antitransglutaminase antibod Cell donors

ies), HLA-class Il gene susceptibilitpresence of The coeliac patients (CD) studied (n=36, age 0-
immunological changes in patients without clinical43) were diagnosed according to European-Soci
signs of disease. Howeydéhe role ofu-gliadin spe ety for Pediatric Gastroenterology and Nutrition
cific T cells in mucosal damage and their invelve criteria of 1970Twenty one patients were untreat
ment in peripheral blood is still unexplained. Evi €d (UCD), 19 of which were positive in tests for
dence indicates that some CDReells, using thg- ~ antio-gliadin antibodies (AGA), anti-tissue trans
cell receptor located in the lamina propria, may ini 9/utaminase (tTg) and anti-endomysium antibod

tiate onset of the disease (Halsteneeal., 1993). €S (EMA) which are markers for coeliac disease;

Previous studies have reported proliferative respon Oy tWo were negative, but resulted to befesuf

es of peripheral bloo cells against gluten proteins :::l% f\sgmesgia(jg\f;%dgéciggcy I\:Ailii“tge% g:;?e?ts
both in coeliac patients and in controls with the-star . "
dard method OI?H-TdR incorporation(Gjertsenet were treated with a gluten free diet (CD-GFD) and

. . had normal antibody level&s controls were test
al., 1994). Recentlfiterature reported that CD69 IS o 7 5 hjects with other intestinal diseases (2 with

the earliest activation antigen expressed on periphé-ronns disease. 3 with inflammatory bowel dis
al blood T cells following mitogenic stimulation, ease, 2 with chronic diarrhoea) and 16 normal vol
while it is undetectable, or detectable at only venynteers aged 24 to 45, recruited from the hospital

low levels, on unstimulated lymphocyteshese  staf. Peripheral blood was collected by venipunc
characteristics make flow cytometric assessment (ture with sodium heparin as anticoagulant.

CD69 an excellent candidate for the rapid screenin

of lymphocyte activationin vitro. Maino et al.,  Cell culture

(1995) demonstrated that under certain condition Peripheral blood mononuclear cells (PBMC) were
similar dose response profiles were achieved whepurified by density gradient centrifugation with
the percentage of CD69-expressing lymphocytes .Lymphoprep (Nycomed Pharma, Norway), washed
4 h was compared to the tritiated-thymidine incerpoin Hank’s balanced salt solution, and resuspended
ration assay after 72 hours of activation, and thein RPMI 1640 media (Seromed ARMilan, Italy)
lymphocyte activation to recall antigen can also bisupplemented with 10% FCS serum (Seromed), 2
predicted by CD69 expression at 4 h following stim MM glutamine and antibiotics. Cell density was
ulation in whole blood. Observations from other2djusted to 10cells/ml. 1 x 10cell samples were
authors (Caruset al., 1997; Crastoret al., 1997; aliquoted in duplicate into sterile polystyrene round
Mardineyet al., 1996: Simmst al., 1996) suggest bottom tubes with caps (Becton Dickinson, Milan,

that CD69 may constitute a rapid and sensitivi/2l¥) at a final volume of 5001, in medium alone
marker for quantifyingr-cell subset responses to a(unstlmulated control) or with the following anti

) . e . gens: a-gliadin (200 pg/ml), tetanus toxoid (0.5
variety of diferent stimuli: PHA, PMA, aIIoantlgen_, U/ml) (Chiron S.p.A., Siena, Italy), a mixture of

_cytokine, buf[ there is not yet evidence of_applicat|0|tWo peptides unrelated te-gliadin (200 ug/ml),

in food antigen. Here we report studies on thippya (1 1g/ml) from Seromed. Cells were cultured
of coeliac patients and a group of healthy controlpjes were harvested for phenotyping and analysis at
stimulated witho-gliadin, tetanus toxoid, PHA, and 4-12-24-48 h, an aliquot of cells was counted in
with a mixture of two peptides unrelated ¢  trypan blue for an estimation of viable cells (over
gliadin. Comparing the results with the classicag5% viability).

method of incorporation 6H-TdR, we demonstrat

ed that this technique is rapid and sensitive, avoidinAntigens

radioactive waste and allowing &ssess immunro  a-gliadin was prepared from wheat flour accord
logical involvement ofT cell subsets in peripheral ing the method of Bernardit al.,(1967).

blood of coeliac disease, which is an additional-diac The two peptides unrelateddsgliadin (the frag
nostic tool incases of IgAleficiency ment 1-25 of Bac5 and the sequence GARSER
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FRP) were prepared as previously described (Frarindex and CD69 expression, a selected number of
et al., 1990). They were synthesized by the solid samples were stained with CD3PerCP69PE and
phase method on a Milligen 9050 synthesizer usinKi67 FITC (DAKO S.p.A., Milan, Italy) according
Fmoc chemistryThe syntheses were performedto the method proposed by the manufacturer
with  Pro-substituted PepSyn-KAesin (0.1 (Schwartinget al.,1986) with minor modifications.
mmol/g) using a five-fold excess of amino acid,Briefly, the pellet of 1x10cells stained for surface
and coupling reagents (N-hydroxy-benzotriazoleantigens was fixed with 1Q@ of solutionA of FIX

and 2-(1H-benzotriazole-1-y1)-1,1,3,3-tetramethy and PERM kit (CATAG) for 15 min at R, washed
luronium tetrafluoroboratefpfter deprotection and twice and resuspended in 100of solution B with
cleavage, the peptides were purified by RP-HPL(10 ul of Ki67 FITC. IgG isotype control antibody
using a 0-60% water/acetonitrile gradient in 0.1%conjugates (Becton-Dickinson) were included to
trifluoroacetic acid, and their molecular mass wa:establish background fluorescenddl samples
determined with aAPI | ion spry mass spectrem were then washed and resuspended in 0.5 ml of PBS
eter (PE SCIEXToronto, Canada). for flow cytometric analysis.

*H-TdR Assay Flow Cytometry

PBMC were isolated as described, IxPBMC Live gating was used to collect 10,000 events
were added to appropriate wells of a 96-well U botwithin the T-cell gate defined by SSC and FL3 for
tom microtiter plate (CostaMilan, Italy), in 200ul  CD3+ cellsAnalysis was performed using Consort
of culture medium alone or containing mitogens 032 and IYSYS |l software.The percentage of
antigens.The medium was composed of RPMI CD69+cells within CD3, CD4 and CD8 were deter
1640 supplemented with 10% heat-inactivated camined both for unstimulated and antigen-stimulat
fetal serum, 2 mM glutamine, 50 U/ml penicillin, 50 ed samples on the basis of two-colour dot plots
pg/ml streptomicin. Cultures were incubated a(FL1 vs FL2).The percentage of Ki67 positive cells
37°C for 72 h (PHA) or 120 h (tetanus toxoth, was determined among the CD3+ gated cells. For
gliadin and unrelated peptides) under the samrall experimental conditions, matched subclass con
experimental conditions used for culture for flowtrols were employed to determine the level of non-
cytometry 16-18 hours before harvesting, cellsspecific binding. Data were expressed as the per
were pulsed with &Ci*H-TdR (Amersham, UK) in  centage of CD69 positive cells subtracting the val
20 pl of medium and cultured. Cells were then-har ue of unstimulated samples from the stimulated.
vested onto glass fiber filters with a Cell Harveste
(Skatron Instruments, Finland) for determination o Method for determination of circulating anti-
*H-TdR incorporation by scintillation counting. bodies markers of celiac disease

Lymphocyte proliferative responses were reporte Circulating AGA and tTg antibodies of IgAand
in the form of the averagél-TdR incorporation of IgG class were measured by an ELI&#thod
replicate stimulated lymphocyte cultures minus th«developed in our laboratory (Perticarai al.,
average of the blank. 1992). In brief, 10Qul of 1:200 serum sample diu

tions in PBS, were placed in wells of a microtiter

Immunophenotyping and fluorescence staining plate pre-coated with gg/well of a-gliadin or 1
for CD69 and Ki67 expession ug/well of guinea pig tissue transglutaminase (SIG

Stimulated or unstimulated PBMC were analyse(MA). Binding of antibodies was revealed with goat
by three-or two-colour flow cytometryBefore anti-human IgAor 19G phosphatase-conjugated,
labelling, cell cultures were washed twice in HBS<followed by incubation with a phosphatase substrate
1.0% BSAand aliquoted in 50l for each test tube. solution (PNPP1 mg/ml in carbonate Dbigf).
The following MoAbs (Becton Dickinson) were Colour development was read at 405 nm with a
used: CD3 PerCRCD69 PE, CD4 or CD8 FITC. Vmax ELISAplate reader (Molecular Devices, Sun
Labelling was performed for 30 min &Clfollowed nyvale, CA, USA).All tests were performed in
by a wash step. Samples of whole blood were lyseduplicate and results were expressed as percent of
with Facs lysing solution (Becton Dickinson). In optical density of a positive control constituted of a
order to evaluate correlation between a proliferatiopool of ten sera from coeliac patients previously
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measured and resulted positive. Ey#i-endomysial gliadin and 46% for PHA. In this analysis, the
antibodies were performed on cryostatic sections (simultaneous expression of CD69 and Ki67 was
umbilical cord vein by indirect immunofluores determined on the CD3+ gated cells.

cence, and evaluated by microscopy We evaluated the CD69 expressionldgmpho-
o _ cyte subsets CD3, CD4, and CD8, aftegliadin
Statistical analysis stimulus in 21 coeliac patients and in 16 healthy

One-way ANOVA was performed using Graph controls; results are calculated by subtracting val
Pad Prism version 3.00 faVindows, GraphPad ue of unstimulated sample from the stimulated,
Software, San Diego, California, USA, wwgraph  and are presented ifable I. All three subsets
pad.com. responded almost identically éegliadin stimulus

in the coeliac patients in comparison with the
healthy controls, but the most statistically signifi
RESULTS cant diference between the two populations was
_ _ _ _ o due to the CD69+CD4+ cells (p <0.0001). On the
CD69 expression afterstimulation with o-gliadin,  basis of these data, we chose the CD69 expression
PHA and other antigens within the CD4 subset to discriminate between

CD69 expression started after 4h @fgliadin positive and negative populations.
stimulation (200ug/ml final concentration) in  Coeliac patients responded similarly to controls
coeliac samples, a peak was reached between 2«q tetanus toxoid and PH@able 1l) but did not
and 48 h. Conversel D69 expression in unsttm  respond to a mixture of peptides unrelated:to
ulated controls was baseline and remained almogliadin, indicating a specific responsectaliadin
constant up to 48 hourA representative example in CD. Representative contour plots of CD69
of double staining for CD69 expression and folexpression within CD4 in response degliadin
proliferation marker Ki67, after stimulation of and unrelated peptides from a coeliac individual
PBMC from a coeliac patient, are shown in Fig. 1(A B,C) and from a healthy control (D,E,F) are
with 200 ug/ml a-gliadin (upper plots) and 1 presented in Fig. 2.
ug/ml PHA (low plots). Plots depict response of CD69 expression after 24 hours of culture was
stimulated samples for 4, 24 and 48 hours, respecomparable with results obtained with the stan
tively. An increase of CD69 was observed botrdard method ofH-TdR incorporation after 72
with o—gliadin and with PHAyet even 4 hours, hours of stimulation with PHAnd 120 hours with
while Ki67 rose to detectable values only after 2<antigens (@ble 11). No changes in the proportion
hours (8.6% witha-gliadin and 31.4% with of lymphocyte subsets, in viability or in leukocyte
PHA). After 48 hours, the percent of cells doublecounts determined before culture and over the
stained for CD69 and Ki67 rose to 14.5% &er time course were observed (data not shown).

Table |
CD69expression off cell subsets aftén vitro stimulation witha-gliadin, 200pug /ml
CD3+ CD4+ CD8+

Untreated Coeliac Disease 19.24+ 10.61 12.76+ 9.36 6.24+ 3.07

(n=21)
Healthy Controls 9.24+5.07 1.39+ 0.96 4.09+ 3.07

(n=16)

p value <0.0007 <0.0001 <0.0100

Values are meansstandard deviation (SD) calculated as the net percent of activated cells subtracting the percent
of unstimulated samples. Cells were collected and stained after 24 hours of incubation.
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Fig. 1 - Example of double staining for CD69 expression and Ki67 proliferation marker of lymphocytes from a coeliac patient
stimulated with a-gliadin (upper plots) and PHA (low plots). Cells were stimulated for 4, 24 and 48 hours, and then stained with
CD69-PE, Ki67-FITC and CD3-PerCP. An electronic gate was set on CD3+ lymphocytes and FL1, FL2 were measured for Ki67-
FITC and CD69-PE (percentages of double staining are indicated in the respective quadrants).

Relationship between CD69 activation afte@a- None of the lymphocyte samples obtained from
gliadin stimulation and coeliac disease healthy individuals or from controls with other
The mean percentage value of CD4+ celldntestinal diseases showed a significant increase in
expressing CD69 followinge-gliadin stimulation — activation marker expression on CD4+ cells after 48
in untreated coeliac disease (mean 12736) h ofin vitro stimulation witho-gliadin (200ug/ml).
was statistically dferent (p<0.0001) from that Conversely3 of the 15 coeliac patients on gluten-
observed in healthy individuals (mean £8.9), free diet had a significant response to recall antigen
from that in coeliac subjects on a gluten-free diea-gliadin. To discriminate positive from negative
(2,8 + 3.5), and from that in a group of controls populations, we established a cuta$ mean value

with other intestinal diseases (mean 2423.31) plus three standard deviations of percentage of
(Fig. 3, andTable I). CD4+CD69+ determined in 16 healthy controls, as
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Fig. 2 - Three-colour immunofluorescence analysis showing CD69 expression on CD4+ activated lymphocytes. Representative plots
from a coeliac patient (left), and from a healthy control (right) are shown. Samples were cultured for 24 hours with medium alone (A-
D), with 200 ug/ml a- gliadin (B-E), with 200 ug/ml of a mixture of two peptides unrelated to a-gliadin (C-F). A gate R1 was estab-
lished on the CD3 positive lymphocytes versus SSC. The percentage of double stained cells is indicated in the upper right quadrant.
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Table Il
Comparison betweenh cell-CD69 expression arit-TdR incorporation at 120 hours in coeliac patients
and healthy controls after PBMC stimulation

a-Gliadin unrelated peptides TetanusToxoid PHA
(200 pg/ml) (200 pg/ml) (0.5 U/ml) (1 pg/ml)
Untreated Celiac  CD3'CD69@®@  19.24+ 10.61 2.6+1.32 18.2+4.91 40.12+ 10.97
Disease (n=21) cpm x 10® 20.7+5.24 1.54+3.31 13.3+£6.55 54.81+ 9.32
Healthy Controls CD3CD69®@ 9.24+5.07 2.4+1.17 23.06£9.21  41.39+12.63
(n=16) cpm x 10® 5.1+ 1.42 2.6+0.92 17.9+12.63 57.43+10.25

@time = 24 h, percentage of cells expressig CD69.
®time =120 h, for antigens or 72 h for PHA.

shown in Fig. 3Table Il illustrates results obtained also an IgAdeficiency were then confirmed as ceeli
stimulating PBMC from 21 coeliac patients with aac patients by jejunal biopsy

mixture of two peptides unrelated dsgliadin, and

with tetanus toxoid as a control of specificity; no

activation was demonstrable in healthy controlDISCUSSION

(mean % CD69=1.39). None of patients or control:

responded to the unrelated peptides, whereas coel CD69 is a lymphoid activation antigen whose
patients, when immunized, responded to tetanus torapid expression makes it suitable for the detec
oid as well as other individuals. tion of T-cell activation and for subset activation
These results suggest that coeliac patients respoanalyses. Many authors have reported the utility
specifically toa-gliadin; moreoverwe found that of flow cytometric detection of-cells activated
two subjects negative for EMAnd withoutAGA  with antigenic or mitogenic stimuli (Carustal.,
and anti tTg IgAcirculating antibodies, had a specif 1997; Crastoret al., 1997; Mainoet al., 1995;

ic T-cell activation.The two subjects that presentedMardiney et al., 1996; Simmset al., 1996). A

60 Fig. 3 - CD69 expres-
sion on CD4+ cells of
a-gliadin  stimulated
1 - lymphocytes from each
group studied: healthy
controls HC (squares),
40 . coeliac disease on
gluten free diet CD-
1 00 r GFD (triangles), un-
treated coeliac disease
UCD (circles), gas-
troenterological con-
trols GC (thombs) and
CD with IgA deficiency
CD-IgA def (filled cir-
cles). The horizontal
line indicates the mean
+3 SD of values from
healthy controls that
was assumed as the cut-
off point discriminating
positive from negative.

% CD4+69+

mean+3SD 3
0_

HC CD-GFD Ucb GC CD IgA Def
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method which might replace standard tritiatecnot respond significantly ta-gliadin stimulus\We
thymidine incorporation. Our findings are similar also found a mild activation responsectgliadin

to those of other authors, indicating that thisstimulation in two coeliac patients on a gluten-free
method allows the evaluation of mitogenicdietin whom humoral markers of the disease were
response to PHA, and also responses to food annormal. This finding could be explained by cem
gens and non food antigens in PBMCs in a verpliance or duration of the diet which leads anti
short time. Since CD69 is a marker of early-acti body levels to normalize yet allows memory cells,
vation, its expression may not necessarily reflecable to respond ta-gliadin stimulus, to remain.

late activation events or correlate with prolifera Jenseret al.,(1995) demonstrated a proliferative
tion, as demonstrated in an experiment with simulo-gliadin specificT cell response also in healthy
taneous staining with Ki6As shown in Fig. 1, the individuals without correspondingly increased
increase in CD3+CD69+ cells after stimulus withlevels of antia-gliadin, and reported that only
o-gliadin in the peripheral blood of a coeliacindividuals carrying DQ2 withu-gliadin-specific
patient, precedes the expression of Ki67; after T cells in their peripheral blood also populated
hours of incubation the proliferation marker Ki67 their intestinal mucosdahis report would appear

is not yet detectable, while the CD3+CD69+ fym to contradict our data. Howeverecent studies
phocytes reached 15.3%; after 48 hours of incubihave introduced the concept of silent, latent and
tion, the CD3+CD69+ lymphocytes had risen tcpotential coeliac disease; in these forms the dis
19.1%, of which 14.5% simultaneously expresseiease can go undiagnosed for years. Silent CD is
Ki67. These data are in agreement with Lopez marked by mucosal damage without clinical
al., (1991).We demonstrated that 24 hours of stim symptoms, both latent and potential CD are <har
ulation with a—gliadin was sdicient to discrimi  acterized by almost normal jejunal mucosa. Latent
nate between responses of coeliac patients aicoeliac patients are often asymptomatic although
controls; this makes the method rapid and suitablendomysial antibodies are present as a predictor of
for laboratory practice. the diseaseThe term “potential CD” has been
We applied this CD69 flow cytometric method to proposed for those subjects who do not have con
determine if the response d¢ogliadin stimulation sistent alterations in a jejunal biopsy but have
in CD is an aspect of the specificcell-mediated immunological abnormalities similar to those
hypersensitivity to gluten, and particularly to thefound in coeliac patients (@hconeet al., 1996).
gluten fractiongp-gliadin. This aspect is reported to Sollid and Scott (1998) reported that patients with
be important in the immunopathogenesis of CD, acoeliac disease with clinical manifestations repre
demonstrated by other authors by the finding of asents only 30%-40% of the entire spectrum of
increased number of CD4+CD25+ activalecklls  gluten sensitised individuals. Because of lifelong
in the lamina propria of untreated coeliac patientsdisease and a possible predisposition to catioer
This overstimulation can be reproduced by cultivaearliest possible diagnosis is important and
tion of biopsy specimens from coeliac patients wittpatients should be advised to adhere to a strict
gluten peptide#n vitro (Stuigesset al.,1994) and gluten free diet for life. Serum circulating anti
was also demonstrated in peripheral blood of eoelbodies to gluten, tissue transglutaminase and
ac patients by a proliferativ€é cell response to endomysium are currently used in screening for
gliadin as measured by tAd-thymidine incorpe  coeliac disease, but any one test alone is not yet
ration assay (Gjertseet al., 1994). We also suitable as the gold standard for coeliac disease
obtained a confirmation of a proliferative responselarge-scale screening. Recent studies (Dieterich
to a-gliadin in coeliac patients B#1-TdR incorpe W. et al., 1998; Lock R.J.et al., 1999) have
ration, but this method does not permit elucidatiorreached the conclusion that Ig#ti tTg is a well

of T lymphocytes subsets. Our data show thaf all suited tool to detect untreated coeliac disease.
lymphocytes, but particularly CD4¥ cells of Nevertheless Sulkanen al.,(1998)show that the
untreated coeliac patients, were responsive-to titers of IgAautoantibodies to tTg fluctuate with
gliadin and increased their expression of CD69dietary gluten exposure, whereas gluten reactive
while coeliac patients on gluten-free diet, ancCD4+Tcells persist in the small intestinal mucosa
healthy or other gastroenterological controls dicof coeliac patients.
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Because of the association of selective tphi-
ciency with coeliac disease as reported by Cellin
al., (1992), Cataldeet al.,(1997), patients should
be assessed for IgG class, but all tests for IgG ha
poor disease specificity.e. it is well known that
AGA-IgG and tTg-IgG occur also in other gas
trenterological disease$he method that we pro
pose represents a useful tool to confirm the -diag
nosis of gluten-sensitive enteropatbyen in sub
jects with IgAdeficiency in peripheral blood, thus
avoiding biopsy

In addition, we demonstrated that the methot
might replace standard tritiated thymidine incerpo
ration as a rapid and reproducible measurement
lymphocyte activation even by alimentary anti
gens, thus avoiding radioactive waste.
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