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Introduction

Summary

An aberrant T cell population is the basis for diagnosis of refractory coeliac
disease and determines the risk of enteropathy-associated T cell lymphoma.
This disease is serious with a poor survival. Pathogenetic mechanisms sus-
taining aberrant T cell proliferation remain unknown. Recently, alemtuzumab
has been proposed as a promising new approach to treat these patients. Only
few single cases have been tested at present; nevertheless, in all the cases a
clinical improvement was observed. However, whether intraepithelial lym-
phocytes have been targeted effectively by alemtuzumab is still debated. This
study reports, using two-dimensional difference gel electrophoresis (2D
DIGE), hyperexpressed proteins associated specifically with aberrant T cells
found in a patient with coeliac disease by comparison of the protein expres-
sion of this sample with that of patients with coeliac disease and polyclonal T
cells or with control subjects. The data demonstrated a significantly higher
expression of IgM, apolipoprotein C-IIT and Charcot—Leyden crystal proteins
in a duodenal biopsy specimen of the patient with clonal T cells compared
with that of other patients. These preliminary results allow hypothesizing
different clinical effects of alemtuzumab in patients with coeliac disease and
aberrant T cell proliferation, because as well as the probable effect on T cells,
alemtuzumab could exert its effect by acting on inflammatory associated
CD52" IgM™* B cells and eosinophil cells, known to produce IgM and Charcot—
Leyden crystal proteins, that we demonstrated to be altered in this patient.
The results also emphasize the possible association of apolipoprotein with
aberrant T cell proliferation.

Keywords: coeliac disease, immunology, MALDI-TOF analysis, protein
profile, T cell receptor

to gluten and acquisition of genetic abnormalities. Through
the activity of the enzyme transglutaminase, glutamine resi-

Coeliac disease (CD) is usually a benign disorder. However,
some patients fail to improve or develop villous atrophy in
spite of a strict gluten-free diet. This is termed coeliac
disease, which is again divided into two categories. Type II
has an aberrant clonal population of premalignant intraepi-
thelial T lymphocytes (IEL), whereas type I does not. Type II
will often develop into enteropathy-associated T cell lym-
phoma (EATL), a condition with a poor prognosis [1].
Patients with type II also have a poor prognosis with a 5-year
survival of well below 50%.

T cells play an essential role in the pathogenesis of CD and
refractory CD/EATL. The genesis and expansion of mono-
clonal T cells involve both inappropriate immune responses

dues in gluten are converted into glutamic acid [2]. Subse-
quently, a multitude of gluten-derived peptides is generated
that, when bound to either uman leucocyte antigen (HLA)-
DQ2 or DQ8, can induce T cell responses in CD patients [3].
A particular glutamine- and proline-rich 33-mer o-gliadin
peptide, that contains six different T cell stimulatory
sequences and is resistant to gastric and duodenal proteoly-
sis, might be a primary initiator of the inflammatory
response to gluten. In the large majority of patients, inflam-
matory T cell responses to other gluten peptides are also
observed, implicating multiple gluten peptides in the disease
process. Although oligo- or monoclonal IELs in patients
with CD are pathological and can also be detected in the
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Table 1. Patients’ characteristics.

IgM, apo C3 and Charcot-Leyden protein in coeliac disease

Months Months
Anti-transglutaminase* Modified DQ2/8 TCR-y and from gluten-free
Patients Age/sex (TG IgG; Tg IgA) Marsh grade variants TCR-B diagnosis diet Familiarity
1 41/F + (n.a./18) 3Ct DQ2 n.a. 25 17 No
—(n.a./4-4)% 1% Clonal T cell
2 24/F + (94-6; n.a.) 3B DQ2 Polyclonal 0 0 No
3 55/F + (n.a.; 8:1) 0 DQ2 Polyclonal 0 0 No
4 19/F + (52-2/n.a.) 0 - Polyclonal 0 0 No
5 34/F +(37/06) 0 - Polyclonal 0 0 No

*Antibodies anti-Tg IgG c.0. 26 UA/ml; IgA c.o. 7 UA/ml. TAt first diagnosis; 25 months ago; tnow, after gluten-free diet. TCR: T cell receptor; n.a.:

not evaluated.

large majority of refractory CD patients who do not develop
an EATL, they are not cytogenetically abnormal and do not
form tumour masses which differentiate these patients from
EATL patients, in addition to the absence of radiological and
bone marrow evidence of lymphoma [1]. Moreover, only a
fraction of patients with HLA-DQ2 or DQS8 haplotype
develop CD, and only a fraction of them show an oligo- or
monoclonal IEL; thus the real pathogenetic mechanisms
inducing and sustaining these aberrant T cell remain largely
unknown.

Refractory type II (RCD-II) CD is usually resistant to any
known immunosuppressive therapy. Recently, alemtuzumab
(Camptah-1H) has been proposed as an alternative to
steroid therapy in type II CD [4-6]. However, its use is
limited to few cases and, although an effect on clinical
improvement had been observed, its role on aberrant T cell
intraepithelial lymphocytes is controversial. Alezutumab is a
humanized monoclonal antibody directed against the CD52
antigen, whose exact function remains unknown; CD52
antigen is expressed on the surface of all lymphocytes,
monocytes, macrophages and eosinophils. It appears to be
very active in chronic lymphocytic leukaemia as well as T cell
lymphomas, while its activity in B cell non-Hodgkin’s lym-
phoma (NHL) appears limited [7,8].

In this study we consider the information pertaining
to investigation of the proteins associated with a patient
with CD and aberrant T cell population by the two-
dimensional difference gel electrophoresis (2D DTGE)
approach. The aim is to understand more clearly the patho-
genetic mechanisms associated with CD and clonal T cell
proliferation to understanding of the mechanism of this spe-
cific disease and to discern the possible targets of alemtu-
zumab clinical effects.

Materials and methods

Patients

For proteomic analyses, duodenal biopsies and peripheral
blood samples were selected from five patients positive to
IgA and IgG anti-transglutaminase antibody assays, attend-

ing the Centro di Riferimento Oncologico, IRCCS. Patients
were informed of the purpose of the study and informed
consent was obtained. Patients” characteristics are shown in
Table 1. Histological evaluation was performed according
to Marsh—Oberhuber classification [9]. HLA-DQB1 poly-
merase chain reaction (PCR) amplification and nucleotide
sequences were carried out as reported previously [10].
Clonal T cell receptor gamma chain variable regions (TCR-Y)
were assessed previously by fluorescence multiplex PCR
developed within the Biomed-2 concerted action and then
subjected to capillary electrophoresis on an AB1 PrisM 3100.
Data were analyzed using 3100 GeneScan 3-7 software [11].

Sample preparation for 2D-polyacrylamide gel
electrophoresis (PAGE) analysis

To compare proteins expressed in intestinal cells we selected
one patient with clonal TCR (patient 1), two patients with
DQ2 heterozygosity, TCR polyclonal pattern, grade 0 and 3B
modified Marsh classification, respectively (patients 2 and 3)
and two patients with no DQ2 or DQ8 variants associated
with CD, a polyclonal TCR and grade 0 Oberhuber—Marsh
classification (patients 4 and 5). As shown in Table 2, we
adopted a dye-swapping strategy to avoid dye labelling-bias;
therefore the Cy3 and Cy5 dyes were interchangeable.
Proteins were extracted from gut biopsies with a sample
grinding kit (GE Healthcare, Milan, Italy) and 200 ul of lysis
buffer containing 7 M urea, 2 M thiourea, 4% 3-[(3-cho-
lamidopropyl)-dimethylammonio]-1-propanesulfonate
hydrate (CHAPS) and 30 mM Tris-HCl pH 8-5. The cell
lysates were prepared for 2D DIGE using a 2D clean-up kit
(GE Healthcare) and resuspended in 7 M urea, 2 M thiourea
and 4% CHAPS. Protein concentration was determined by
Bio-Rad protein assay. For DIGE minimal labelling, 50 pg of

Table 2. Experimental design for two-dimensional difference gel
electrophoresis.

Gel number Cy2 Cy3 Cy5

Patient 1
Patients 4 and 5

Patients 2 and 3
Patient 1

Pooled standard
2 Pooled standard
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protein sample were mixed with 100 pmol CyDye (GE
Healthcare) and incubated on ice in the dark for 30 min.

The labelled samples were combined and mixed with
rehydration buffer [7 M urea, 2 M thiourea, 4% CHAPS,
40 M dithiothreitol (DTT), 0-5% immobilized pH gradient
(IPG) buffer] and subjected to overnight rehydration on
11 cm immobilized pH gradient strips [pH 3-10 non linear
(NL)] (Bio-Rad, Milan, Italy).

2D DIGE and image analysis

Isoelectric focusing was carried out on a Bio-Rad Protean
isoelectrofocusing (IEF) cell. The following voltage pro-
gramme was used for first dimension separation: 250 V for
15 min, a slow voltage ramp to 8000 V over 2-5 h and a final
focusing step for a total of 35000 V/h. Focused IPG strips
were stored at —80°C before equilibration and application to
sodium dodecyl sulphate (SDS)-PAGE.

For the second dimension, IPG strips were equilibrated in
7 M urea, 2 M thiourea, 2% SDS, 30% glycerol, 50 mM Tris-
HCI pH 88, reduced with 65 mM DTT and alkylated with
135 mM iodoacetamide. The second dimension was run on
Criterion IPG + 1 Comb 8-16% precast gels (Bio-Rad). Gels
were scanned on a Typhoon Tr10 scanner (GE Healthcare).

Only those spots with greater than 1-5-fold changes in
signal after normalization between the two populations were
defined as altered.

Protein identification by mass spectrometric
analysis

Proteins of interest were excised from colloidal Coomassie-
stained preparative gel and destained with 25 mM ammo-
nium bicarbonate in 50% acetonitrile. After overnight trypsin
digestion, peptides were extracted with 1% triflouroacetic
acid (TFA) and then subjected to ZipTip clean-up (Millipore
SPA, Milan, Italy). Peptide mass fingerprinting was per-
formed on a Voyager-DE PRO Biospectrometry Workstation
mass spectrometer (Applied Biosystems Inc., Foster City, CA,
USA). Database searching was performed in parallel with the
Mascor search engine and the Aldente peptide mass finger-
printing tool (http://www.expasy.org/tools/aldente) with a
100 parts per million (p.p.m.) mass tolerance error.

Results

Patients and TCR molecular features

A clonal TCR-y gene rearrangement was found in patient 1,
a 41-year-old female with grade I villous transformation.
TCR-v gene rearrangements had been shown both in duode-
nal biopsy and in the peripheral blood (Fig.1). Grade 1
modified Marsh histological classification was found,
although the patient was submitted to a gluten-free diet.
Marsh grade 0 and HLA-DQ2/8 negativity excluded CD in
controls (patients 4 and 5).

(a) TCR-y gut biopsy
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Fig. 1. Comparison of the fluorescence-labelled T cell
receptor—polymerase chain reaction (TCR-PCR) products by
GeneScan analysis. The x-axes represent molecular size (base pairs)
and the y-axes fluorescence intensity. (a) Duodenal tissue; (b)
peripheral blood mononuclear cells of patient 1. In the duodenal
sample PCR results show two overexpanded TCR-y clones, while in
peripheral blood mononuclear cells a single TCR-y clone was found.
Base pair size, NCBI GeneBank accession number and the
corresponding V, D, ] germline segments are reported next to the
corresponding TCR-y clonal peaks.

Expression levels of IgM, apolipoprotein (apo) C3 and
eosinophil proteins are higher in RCD-II compared to
other samples

We compared protein expression from the only patient
with clonal T cell proliferation (patient 1) with that of a
patient with CD and a polyclonal T cell (patients 2 and 3)
or of control subjects (patients 4 and 5). The experimental
design is shown in Table 2. Following SDS-PAGE, gels were
scanned by Typhoon TRrio and analysed with DeCyder 6-5
software (GE Healthcare). Spots with a more than 1-5-fold
change in signal (patient 1 versus patients 2 and 3, gel 1;
patient 1 versus patients 4 and 5, gel 2) were considered as
altered (Fig.2). The protein spots were identified by
matrix-assisted laser desorption ionization time-of-flight
(MALDI-TOF) peptide mass fingerprinting as apo C III
(apo C3), IgM and Charcot—Leyden crystal protein (LCL)
(Fig. 3).

Discussion

The action of alemtuzumab and mechanisms that induce
and sustain aberrant T cell proliferations in CD are still
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Fig. 2. Two-dimensional (2D) difference gel electrophoresis between refractory type II CD (RCD-II) and controls. (i) 2D pattern from gut biopsy of
(a) an RCD-II patient; (b) coeliac disease (CD) patients and (c) patients with no DQ2/8 variants. Proteins were separated on the basis of pI (x-axis)

and molecular mass (y-axis). Highlighted in rectangles are those areas where consistent alterations of protein expression were identified. (ii)
Enlarged portions and (iii) 3D view of regions highlighted in (i). Each protein was identified by matrix-assisted laser desorption ionization
time-of-flight mass spectrometry (MALDI-TOF MS), and shown as abbreviations on the gels. (iv) Graphical representation of the intergel
distribution of apo C3, IgM and Charcot—Leyden crystal protein (CLC) expression levels in RCD-II patient and in CD and normal patients
determined with BvA version 6-5 software.
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Fig. 3. Matrix-assisted laser desorption ionization time-of-flight mass spectrometry (MALDI-TOF MS) identifying apo C-3, IgM and
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Table 3. Upregulated proteins in refractory type II (RCD-II) CD patient.

IgM, apo C3 and Charcot-Leyden protein in coeliac disease

Average

Protein name volume ratio

accession no.

Swiss protein

P-value Matching peptides

Apolipoprotein C-III +2:7

Ig u chain C region +2:72

Eosinophil lysophospholipase +1-75

P02656 1-1e-9

P01871 2e—11

Q05315

SEAEDASLLSFMQGYMK
TAKDALSSVQESQVAQQAR
DALSSVQESQVAQQAR

GFPSVLR

VSVEVPPR
DGFFGNPR
LICQATGFSPR
QIQVSWLR

QTISRPK
GVALHRPDVYLLPPAR
EQLNLR

GQPLSPEK
YVTSAPMPEPQAPGR

EYGAWK
IKPEAVK
MVQVWR
FNVSYLKR

2:6e-10

unknown. Our study is the first preliminary investigation of
proteins associated with CD and clonal T cell proliferation
using a 2D DIGE approach. Among differentially expressed
proteins, we identified three proteins expressed more highly
(greater than 1-5-fold) in the subject with CD and clonal T
cell proliferation than in either subjects with CD and poly-
clonal T cells or in those with no CD. Proteins were identified
by peptide mass fingerprinting as the heavy chain of IgM,
apo C3 and CLC protein (galectin 10).

For decades it has been known that a potent humoral
immune response occurs in untreated CD. It is predomi-
nantly of IgA and IgG classes in serum (systemic immunity)
and of IgA and IgM classes in jejunal aspirate and gut lavage
fluid (mucosal immunity); moreover, only the lavage fluid
IgM concentration remains higher in patients with treated
CD compared to controls [12-18]. Enhanced local secretion
of IgA (P < 0-05) and IgM (P < 0-001) with respect to con-
trols has also been demonstrated in CD patients using in
vitro lymphocyte culture [19]. The high levels of spontane-
ous mucosal IgM secretion contrast with the reduced serum
IgM levels observed; thus, mucosal sequestration of IgM
rather than a specific defect in IgM production has been
suggested. Because IgG and IgM (but not IgA) antibodies can
activate complement, it is suggested that they might elicit
damage following an encounter with antigens (e.g. gluten)
penetrating the gut epithelium [20,21]. This could explain
why patients with untreated CD show C3 hypocomplemen-
taemia and have circulating immune complexes that disap-
pear after a gluten-free diet is started, but reappear along
with C3 split products shortly after gluten challenge [22].
The immunofluorescence staining intensity of immune
deposits in gut tissue sections from adult patients with
coeliac disease also correlate well with the degree of villous
atrophy [21]. Moreover, mucosal complement activation

may explain both the local release of prostaglandin E,
observed shortly after gluten challenge [23] and the release
of cytotoxic granule components from neutrophils and eosi-
nophils seen in untreated CD [24-26]. The striking crypt
hyperplasia may therefore be complement-mediated regen-
erative change, and not only a result of T cell activation.

Our data, obtained using a different approach, confirm
the concept of IgM segregation in the gut, and indicate that
IgMs are also probably important in the immunopatho-
genesis of CD, especially in the course of aberrant T cell
proliferation. The raised mucosal production of IgM and
local IgM cell number [13,15,16,18,21], but not the concen-
trations of IgM in serum, emphasize the importance of
studying the expression of proteins in the gut itself.

Apo C3 hyperexpression in the gut tissue of a CD patient
is demonstrated here for the first time. It is known that
the metabolism of circulating triglyceride-rich particles is
affected strongly by the content of apo C3. Apo C3 contrib-
utes to hypertriglyceridaemia and may play a significant role
in the expression of the small, dense lipoprotein (LDL) phe-
notype, as apo C3 is an inhibitor of lipoprotein lipase [27].
Besides a role in lipid metabolism, connections between
lipoproteins and the innate immune system have been high-
lighted in several studies; moreover, infections and inflam-
mations are accompanied by similar cytokine-induced
release to that found in lipid and lipoprotein metabolism
alterations [28,29]. Moreover, low-density lipoproteins have
been found recently to be associated with the presence of two
unexpected proteins, calgranulin A and lysozyme C, point-
ing to the possibility that LDL may play another role(s) in
innate immunity and inflammation than known hitherto
[30]. It is mainly apo A-1 which is known to affect cell types
implicated in immunosurveillance [e.g. natural killer (NK),
T and endothelial cells]. It is known to modify the function
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of these cell types [31-33], and during infection and inflam-
mation there is a marked decrease in serum levels of high-
density lipoproteins and apo A-I [34-36]. The apo A-I gene
resides in an apo cluster with the apo C3 and apo A-IV genes
and mRNA levels of apo A-I, C3 and A-IV are co-regulated in
the intestine [37]. Moreover, it has been demonstrated
recently that a fraction of T cells, associated with CD patho-
genesis, can function as NK cells [38,39]. A subset of human
NK T cells can recognize lipid antigens presented by the
CD1d molecule [40] and apolipoproteins also seem to be
implicated in antigen recognition by AA cells [41-43].

CLC is an eosinophil-specific granule protein. The extra-
cellular deposition and formation of crystals in tissues and
body fluids is known to be associated with inflammation
[44]. Mucosal eosinophils increase in gastrointestinal dis-
eases that are often associated with altered epithelial barrier
function, including food-allergic enteropathies and inflam-
matory bowel diseases [45,46]. Moreover, while a variety of
data indicate that numerous eosinophils are in an activated
state [26] and that the local release of neutrophil and eosi-
nophil granule components are enhanced in the gut tissue
from patients with CD and Crohn’s disease [24,45], a differ-
ential pattern of eosinophil cytokine production [i.e. inter-
leukin (IL)-5] has been associated with CD but not Crohn’s
disease [47,48]. Because IL-5 could contribute to paracrine
interaction with T and B cells, and in autocrine fashion
participates locally in eosinophil differentiation and activa-
tion, we think that eosinophils may also contribute to the
RCD-II phenotype.

Overall, our results indicate that a different expression
pattern in IgM, apo C3 and CLC is associated specifically
with clonal T cell because (i) it was not found in patient 3
with CD grade 3B; (ii) patient 1 is not suffering from any
other disease; and (iii) these three proteins are known to be
involved in the immune response which, directly or indi-
rectly, are associated with CD. Although we cannot exclude
that these high-protein expressions are due to a specific
inflammation status due to CD and aberrant T cell prolif-
eration, apo C3 may be involved particularly in sustaining T
cell proliferation.

In conclusion, it seems more appropriate to assume that T
cells, IgM-producing cells, eosinophils and apo-activated
effector T cells may, overall, cause tissue damage in estab-
lished CD with aberrant T cells. In this contest, the clinical
effectiveness of alemtuzumab in refractory CD should derive
from its effect on several cellular pathways as expression of
CD52 antigen is ubiquitous on the surface of all lympho-
cytes, monocytes, macrophages and eosinophils. Based on
these observations, further investigations of the in vivo
action of alemtuzumab on IgM-B cells, lipid metabolism and
eosinophilis in CD patients by comparative proteomic and
immunological molecular approaches are warranted.

Finally, as receptor recognition which is involved in NK
function is as yet completely uncharacterized, further study
is warranted to elucidate whether apo C3 has an effective

role in CD-associated pathogenesis, and especially in non-
conventional T cell population immunoserveillance.
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