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Summary

 

Tissue transglutaminase (tTG) autoantibodies decline after gluten-free diet in
patients with coeliac disease. We tested the hypothesis that gluten-free diet-
induced change in tTG autoantibody levels affects subsets of peripheral blood
lymphocytes. Peripheral blood was obtained from 20 children with biopsy-
proven active coeliac disease. Gluten-free diet was initiated and the children
examined again after three and six months. tTG autoantibodies were mea-
sured in radioligand binding assays and lymphocyte subsets by flow cytome-
try. IgA-tTG levels at diagnosis, 2204 U/ml (median, range 113–24990), were
reduced over six months to 76 U/ml (median, range 1–1261) (

 

P <<<<

 

 0·001). At
six months, 12/20 (60%) children had reduced their IgA-tTG levels to <<<<

 

100 U/
ml and these children showed a decrease in B cells (mean change −−−−

 

3·8%,

 

P

 

 ====

 

 0·014), CD4

  

++++

 

 T cells (mean −−−−

 

4·32%, 

 

P

 

 ====

 

 0·011) and CD4

  

++++

 

 T cells express-
ing CD25

 

high

 

 (mean change −−−−

 

0·62%, 

 

P

 

 ====

 

 0·036). In contrast, the
CD4

  

++++

 

CD25

 

high

 

CCR4

  

++++

 

 T cell population increased during the same period
(mean change 11·5%, 

 

P

 

 ====

 

 0·0036). The decline in IgA-tTG levels correlated to
the decrease in B cells (

 

r ====

 

 0·56, 

 

P

 

 ====

 

 0·01), CD4

  

++++

 

 T cells (

 

r ====

 

 0·66, 

 

P

 

 ====

 

 0·004) as
well as CD4

  

++++

 

CD25

 

high

 

 T cells (

 

r ====

 

 0·59, 

 

P

 

 ====

 

 0·01). A negative correlation was
found between the decline in IgA-tTG and CD4

  

++++

 

CD25

 

high

 

 T cells expressing
CD45RO (

 

r

 

 ====

 

 –0·49, 

 

P

 

 ====

 

 0·03) and CCR4 (

 

r

 

 ====

 

 –0·54, 

 

P

 

 ====

 

 0·01). This is the first
observational study on the effect of gluten-free diet on concurrent changes of
tTG autoantibodies and specific peripheral blood lymphocyte subsets. Our
data suggest that flow cytometry may be a useful complement to tTG autoan-
tibodies when studying the effects of gluten-free diet in children with coeliac
disease.
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Introduction

 

Coeliac disease (CD) is characterized by an inflammatory
infiltrate of lymphocytes in the small intestinal mucosal epi-
thelium of genetically predisposed individuals carrying pri-
marily the HLA-DQ2 (DQA1*0501-B1*0201) or DQ8
(DQA1*0301-B1*0302) haplotypes [1]. While the disease is
thought to be triggered by a T cell response against gliadin and
related prolamines [2], CD is also strongly associated with
autoantibodies against tissue transglutaminase (tTG) [3]. As a
marker for CD, circulating IgA class autoantibodies against
tTG show high predictive value, whereas the diagnostic sen-
sitivity of IgG-tTG varies between different immunoassays [4].

tTG belongs to a widely distributed group of calcium-
dependent enzymes that catalyse post-translational transa-
midation of proteins and peptides [5]. The enzyme may
selectively modify gliadin peptides that are recognized by
gut-derived T cells thought to play a central part in CD
[6,7]. Autoantibodies against tTG bind to several conforma-
tional epitopes [8–11]. The mechanism by which autoim-
munity against tTG is important to the pathogenesis of CD
is a matter of debate [12–14]. It remains unclear how tTG
modification of gliadin leads to an immune response
against tTG and the formation of IgA and IgG autoantibod-
ies. In other autoimmune disorders it has been demon-
strated that human autoantibodies are able to modulate
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immunodominant epitopes interacting with self-reactive T
cells [15,16].

The T cell response against gluten in the lamina propria
in CD is predominantly associated with high release of the
Th1 cytokine IFN-

 

γ

 

 [17], but it is also associated with
increased expression of the Th2 cytokine IL-10 [18].
Although the up-regulation of IL-10 in the lamina propria
appears a compensatory mechanism to induce an immun-
osuppressive effect on Th1 cells, the response is insuffi-
cient in re-establishing tolerance against gliadin during the
active phase of CD [19]. Increased levels of IFN-

 

γ

 

 have also
been measured in peripheral blood from patients with
active CD [20]. More recently, an IFN-

 

γ

 

 induced CD4

 

+

 

 T
cell response to a transglutaminase deamidated immun-
odominant 

 

α

 

-gliadin peptide was detected in peripheral
blood of treated CD patients shortly after oral gluten chal-
lenge, indicating that specific memory T cells persist also
in the circulation [21].

A subset of peripheral CD4

 

+

 

 T cells expressing IL-2 recep-
tor (CD4

 

+

 

CD25

 

+

 

) has been demonstrated to possess sup-
pressor functions in both human and rodent models and is
now regarded as a population of naturally occurring regula-
tory T cells [22]. It has been demonstrated that the majority
of these T regulatory cells in human peripheral blood reside
within the CD4

 

+

 

 T cells expressing high level of CD25
(CD4

 

+

 

CD25

 

high

 

) [23]. CD4

 

+

 

CD25

 

high

 

 T cells also appear
important  in  retaining  intestinal  immune  homeostasis
in  the  lamina  propria  [24].  Decreased  frequency  [25]
and defective function [26,27] of peripheral blood
CD4

 

+

 

CD25

 

high

 

 T cells have been further described in other
organ-specific autoimmune diseases such as multiple scle-
rosis and type 1 diabetes.

Cytokines and their receptors are regulators of the
immune system with chemotactic function guiding T cells
into the affected tissue [28]. T regulatory cells have been
characterized by the surface expression of chemokine
receptor like CCR4 and CCR8 [29], which have been
shown to be important for the interaction between T regu-
latory cells and antigen-presenting cells secreting the
CCR4-ligand macrophage-derived chemokine (MDC). It is
also known that the chemokine receptor CCR9 is expressed
at high levels of CD4

 

+

 

 and CD8

 

+

 

 T cells in the small intes-
tine [30]. The CCR9 has further been detected in a small
subset of memory peripheral blood CD4

 

+

 

 T cells with
characteristics of intestinal lymphocytes, indicating that
circulating lymphocytes might mirror the inflammation in
the gut [31].

To our knowledge, there are no reports describing a
quantitative correlation between changes in tTG autoanti-
body levels and regulatory T cells in peripheral blood in CD
patients before and after gluten-free diet. The aim of this
observational study was to test the hypothesis that gluten-
free diet-induced decline in tTG autoantibody levels is asso-
ciated with changes in subsets of peripheral blood
lymphocytes.

 

Materials and methods

 

Patients

 

Between November 2003 and October 2004, peripheral
blood samples were obtained from 40 children consecutively
admitted to the Department of Paediatrics, University Hos-
pital MAS in Malmö, Sweden for investigation with small
intestinal biopsy. The first blood sample was collected on the
day of the intestinal biopsy after all parents gave their
informed consent. Children with an intestinal biopsy show-
ing typical villous atrophy according to the Marsh criteria [1]
were placed on a gluten-free diet and followed prospectively.
A total of 14 children were found to have a normal biopsy
and were included as disease controls for baseline compari-
son. The remaining 26 children had an abnormal biopsy and
a gluten-free diet was thus introduced. In 20 of these children
(13 females, 7 males, median age 3·9 years, range 1·3–
13·9 years)  (Table 1), both a second and a third blood
sample  were  available  after  a  median  3·1 months  (range
2·9–3·8 months) and 6·1 months (median, range 5·9–
7·0 months) of gluten-free diet, respectively. tTG autoanti-
bodies and endomysial autoantibodies (EMA) were mea-
sured to assess the dietary compliance. A follow-up
examination after six months revealed that all 20 children
had relief of gastrointestinal symptoms and the diagnosis
was established according to the ESPGHAN (European Soci-
ety of Paediatric Gastroenterology Hepatology and Nutri-
tion) criteria [32]. The Ethics Committee of the Medical
Faculty, Lund University, approved this study.

 

Transglutaminase autoantibody radioligand binding 
assay

 

Human tTG C was synthesized in the presence of 20 

 

µ

 

Ci

 

35

 

S-methionine (Perkin Elmer Life Sciences, Inc., Boston,
MA, USA) by 

 

in vitro

 

 transcription and translation as previ-
ously described  [33,34].  The  labelled  proteins  were
stored  at 

 

−

 

80

 

°

 

C, used within 2 weeks and the radioligand
binding assay (RBA) was run as described previously [34]
with several modifications. The IgA-tTG antigen/antibody
complexes were isolated with 10% goat antihuman IgA Aga-
rose (Sigma, St. Louis, MO, USA) and the IgG-tTG antigen/
antibody complexes was separated with 30% protein A
Sepharose (PAS) conjugate 4B (Zymed Laboratories, Inc.,
San Francisco, CA, USA). The relative amount of tTG
autoantibodies was expressed as U/ml calculated from stan-
dard curves constructed to contain 4, 8, 16, 31, 62, 125, 250,
500 and 1000 U/ml of respective IgA-tTG and IgG-tTG.
High binding samples were tested in further dilutions. Cut-
off level for a positive value was set at 

 

>

 

16 U/ml for IgA-tTG
and at 

 

>

 

4 U/ml for IgG-tTG, which represented the 95th
percentile of 398 blood donors. Distinction between high
and low tTG autoantibody levels was arbitrary set at the
level used to define the cohort at the start of the study and
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represented 100 U/ml for IgA-tTG and 25 U/ml for IgG-
tTG.

 

Endomysial autoantibody immunofluorescence staining

 

EMA were analysed at Clinical Microbiology and Immunol-
ogy, Lund University Hospital, Sweden, by an indirect
immunofluorescence method [35]. Patient serum was
diluted 1 : 10 in PBS/Tween (Euroimmun, Lubeck, Ger-
many) and applied to reaction fields of reagent tray contain-
ing tissue slides of primate intestine, liver and oesophagus
(Euroimmun). EMA were detected with fluorescein isothio-
cyanate conjugated goat anti-human IgA antibodies. Results
were expressed as the highest dilution factor giving a positive
fluorescence pattern in microscope. All sera manifesting flu-
orescence titre of 1 : 10 were considered to be positive and
titres of 1 : 100 were considered high.

 

Lymphocyte subsets analysis by flow cytometry

 

Peripheral blood mononuclear cells (PBMC) were isolated
using Lymphoprep (Ficoll-Isopaque) (Axis-Shield PoC AS,
Oslo, Norway) overlayed by heparin blood diluted 1 : 2 in
PBS (phosphate buffer saline) and centrifuged at 475 

 

×

 

 g for
30 min. The mononuclear layer was gently collected and
washed twice in wash buffer (PBS with 0·5% BSA and 2 mM
EDTA). The cells were resuspended at 10

 

6

 

 cells/ml in wash
buffer. PBMC were stained directly with various fluoro-
chrome-conjugated antibodies directed against the following

markers: CD3 (FITC-conjugated, clone SK7), CD4 (PerCP-
conjugated, clone SK3), CD8 (PE- or PerCP-conjugated,
clone SK1), CD16 (PE-conjugated, clone SK7, 1), CD19
(PerCP-conjugated, clone 4G7), CD25 (FITC-conjugated,
clone M-A251), CD62L (APC-conjugated, clone DREG-56),
CD45RA (PE-conjugated, clone HI100), CD45RO (APC-
conjugated, clone UCHL1), CD56 (PE-conjugated, clone
MY31), CCR4 (PE-conjugated, clone 1GI), Integrin B7 (PE-
conjugated, clone FIB504), irrelevant isotype controls IgG

 

2a

 

(FITC-conjugated, clone X39) and IgG

 

1

 

 (PE-conjugated,
clone X40)(all from Becton-Dickinson/PharMingen, CA,
USA) and CCR9 (APC-conjugated, clone 248621, R & D Sys-
tem, Minneapolis, MN, USA). PBMC were incubated at 2–
8

 

°

 

C for 30 min, washed and centrifuged at 400 

 

×

 

 g in 10 min,
and diluted with wash buffer to appropriate volumes. Prior
to CCR9 and Integrin B7 staining, cells were incubated for
30 min with human IgG in order to block Fc receptors. The
samples were acquired in a four-colour FACScalibur® (Bec-
ton Dickinson, CA, USA) and analysed using CellQuest®
software (Becton-Dickinson). Isotype-matched control anti-
bodies were used to set the dot plot quadrant and calculate
the percent of lymphocyte populations.

 

HLA-DQA1 and DQB1 genotyping

 

High resolution HLA typing was carried out by PCR fol-
lowed by hybridization with allele specific probes as
described [36]. Three probes were used to define the pres-
ence of DQA1*0201, *0301–0303 and *0501

 

–

 

0505 alleles and

 

Table 1.

 

Patient gender, age, HLA haplotypes (DQA1-DQB1) and autoantibody levels at diagnosis of 20 children with coeliac disease.

Patient Sex

Age

(years)

DQA1-B1 

haplotype 1

DQA1-B1 

haplotype 2 Biopsy

EMA

(titre)

IgA-tTG

(U/ml)

IgG-tTG

(U/ml)

1 M 3·9 *05-*02 *03-*0302 TVA 1600 5 331  806

2 M 2·8   *ND-*0302 *ND-*0603 SVA 1600 8 041 10 665

3 M 1·8 *05-*02 *X-*0602 TVA 1600 11 310 5 150

4 F 12·0 *05-*02 *03-*0302 TVA 1600 1 451  892

5 F 10·1 *0201-*02 *05-*02 TVA 1600 24 991 11 785

6 F 2·6 *05-*02 *X-*0502/0504 SVA 1600 1 571 4 705

7 F 12·0 *05-*02 *X-*02/0609 SVA 1600  215  318

8 F 2·6 *05-*02 *X-*0602 SVA 1600 1 560 25 007

9 M 13·9 *05-*02 *X-*0602 PVA 100  113  27

10 M 8·0 *05-*02 *X-*04 SVA 1600 2 375 1 387

11 M 8·6 *05-*02 *03-*0302 PVA 400  982 1 322

12 M 1·6 *05-*02 *X-*02/0609 SVA 1600 3 181 7 911

13 F 3·9 *05-*02 *X-*0602 SVA 1600 2 032 2 572

14 F 11·5 *0201-*02 *05-*02 PVA 1600 1 446  315

15 F 2·3 *05-*02 *03-*0302 SVA 1600 6 844 8 433

16 F 10·8 *05-*02 *X-*0602 TVA 400 12 763 3 145

17 F 1·3 *05-*02 *X-*02/0609 TVA 1600 4 620 5 295

18 F 1·8 *05-*02 *X-*0602 TVA 1600 12 351 6 540

19 F 9·9 *05-*02 *X-*0602 PVA 400  247  409

20 F 2·5 *05-*02 *X-*0602 PVA 400  113  64

EMA, endomysial autoantibodies; F, female; M, male; PVA, partial villous atrophy; SVA, subtotal villous atrophy; tTG, tissue transglutaminase;

TVA, total villous atrophy. X denotes HLA other than the mentioned alleles and ND is not determined.
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five probes the DQB1*02, *0301–0304, and *0602–0604 alle-
les [37].

 

Statistical methods

 

All graphs were drawn by GraphPad PRISM 4·0 (GraphPad
Software, San Diego, CA, USA) and analyses performed in
Splus6·1 (Insightful Corp., Seattle, USA). Changes in percent
of lymphocytes over time were expressed as mean (95% CI)
and tested for significance using the one-sample 

 

t

 

-test.
Changes in antibody levels were highly skewed and the
Wilcoxon signed rank test was used instead. Association
between changes in tTG autoantibody log10 levels and per-
cent of lymphocytes were performed using the Spearman
rank correlation (r). 

 

P

 

-values less than 0·05 were considered
significant.

 

Results

 

Changes in autoantibody levels during gluten-free diet

 

All 20 children followed prospectively from diagnosis either
carried HLA-DQ2 or DQ8, had high levels of all three
autoantibodies or had a biopsy showing villous atrophy
(Table 1). At diagnosis, both levels of IgA-tTG (median
2204 U/ml, range 113–24990)  (Fig. 1a) and IgG-tTG
(median 2858 U/ml, range 27–25010 U/ml) (Fig. 1b) were
higher compared to disease controls (IgA-tTG median 29 U/
ml, range 1–440 U/ml) (IgG-tTG median 7 U/ml, range 2–
162 U/ml) (

 

P 

 

<

 

 0·001, respectively). After three months of
gluten-free diet, levels of both IgA-tTG and IgG-tTG were
reduced in 19/20 children. One child, however, showed an
increase in IgG-tTG levels. After six months, IgA-tTG levels
further declined in 16/20 children and IgG-tTG in 19/20
children. The same child that had increased IgG-tTG levels at
three months also increased after six months in IgA-tTG lev-
els. Overall, levels of IgA-tTG at six months were reduced to
76 U/ml (median, range 1–1261 U/ml) (Fig. 1a) and IgG-
tTG to 78 U/ml (median, range 1–1206) (Fig. 1b) (

 

P 

 

<

 

 0·001,

respectively). By six months, 12/20 children had IgA-tTG
levels below 100 U/ml and 7/20 had IgG-tTG levels below
25 U/ml. Over the same period, EMA titres showed a decline
in all children from 1 : 1600 (median, range 1 : 100–1 : 1600)
to 1 : 10 (median, range 

 

<

 

 1 : 10–1 : 400) (

 

P 

 

<

 

 0·001) and
after six months on gluten-free diet 14/20 reduced their
EMA titres to 

 

<

 

 1 : 100 (Fig. 1c).

 

Changes in lymphocytes subsets during gluten-free diet

 

The proportion of total B or T cells showed no significant
change after either three or six months of gluten-free diet. At
six months however, a gradual decrease of CD4

 

+

 

CD25

 

high

 

 T
cells (mean change 

 

−

 

0·43% of the CD4

 

+

 

 T cells, 

 

P

 

 

 

=

 

 0·015)
was observed with an increased proportion of CD4

 

+

 

CD25

 

high

 

expressing CCR4 (mean change 6·22% of the CD4

 

+

 

CD25

 

high

 

,

 

P

 

 

 

= 0·041)  (Table 2).
Changes in lymphocyte subsets over time were also exam-

ined within the two groups having either low or high autoan-
tibody levels after treatment, respectively. Children with low
IgA-tTG levels had a temporary increase in CD8+CD45RA+ T
cells after three months (mean change 1·15% of the CD8+,
P = 0·0048). After six months they also had a significant
decrease in B cells (mean change −3·79% of the total lym-
phocytes, P = 0·014)  (Fig. 2a), CD4+ T cells (mean −4·32%
of the T cells, P = 0·011) (Fig. 2b) and CD4+ T cells express-
ing CD25high (mean change −0·62% of the CD4+, P = 0·034)
(Fig. 2c). In contrast, the proportion of CD4+CD25high T cells
expressing CCR4 increased (mean change 11·46% of the
CD4+CD25high, P = 0·0036) during the same period (Fig. 2d).

In children with low IgG-tTG levels after six months, there
was a decrease in B cells (mean change −5·0% of the total
lymphocytes, P = 0·025) and an expansion of the
CD4+CD25highCCR4+ subpopulation (mean change 12·43%
of the CD4+CD25high, P = 0·039). Similarly, in children who
seroconverted to low EMA titres there was a decrease in B
cells (mean change −2·89% of the total lymphocytes,
P = 0·041) and an increase in CD4+CD25highCCR4+ T cells
(mean change 10·27% of the CD4+CD25high, P = 0·0072). Of

Fig. 1. Levels of tTG autoantibody and EMA in CD children (n = 20) before and after gluten-free diet compared with disease controls (n = 14). The 

horizontal lines represent the cut-off level of normal and the limit of high autoantibody level. ***Significant change from baseline P < 0·001.
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Table 2. Mean percent change of peripheral B cells (CD3-CD19+) and subsets of T cells (CD3+) at diagnosis (baseline) and after gluten-free diet in 

children with coeliac disease (n = 20).

Subset

Baseline

Mean (%) (95% CI)

Three months

∆ mean (%) (95% CI) P-value

Six months 

∆ mean (%) (95% CI) P-value

CD3-CD19+ 11·0 (7·4–14·6) − 1·1 (−3·6–1·4) NS − 2·5 (−5·2–0·1) NS

CD3+ 71·5 (66·7–76·2)  1·3 (−7·1–17·3) NS  1·6 (−5·7–9·0) NS

CD3+ CD4+ 57·7 (53·4–62·0) − 1·1 (−4·0–1·7) NS − 1·6 (−4·8–1·6) NS

CD3+ CD4+ CD25+ 8·4 (6·4–10·4) − 0·7 (−3·5–2·1) NS − 0·9 (−3·0–1·3) NS

CD3+ CD4+ CD25high 0·9 (0·5–1·4) − 0·2 (−0·6–0·1) NS − 0·4 (−0·8–0·1) 0·015

CD3+ CD4+ CCR4 + 20·9 (15·4–26·4) − 3·8 (−9·3–1·7) NS − 2·3 (−8·0–3·4) NS

CD3+ CD4+ CD25+ CCR4 + 84·8 (79·3–90·3) − 5·1 (−11·7–1·5) NS − 1·2 (−5·5–3·0) NS

CD3+ CD4+ CD25high CCR4 + 74·4 (64·3–84·6)  1·2 (−9·8–12·2) NS  6·2 (0·3–12·1) 0·041

∆ denotes difference from baseline means, NS is not significant.

Fig. 2. The mean percent change ± SEM of lym-

phocyte subset in children with low (�) and high 

(�) IgA-tTG levels after gluten-free diet. *P < 

0·05; **P < 0·005.
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the remaining patients, there was only a decrease in the T cell
subsets CD4+CD25high (mean change −0·15% of the CD4+,
P = 0·014) and CD8+CCR9+ (mean change −0·058% of the
CD8+, P = 0·0091) in children who retained high IgA-tTG
levels after gluten-free diet.

Correlation between changes in lymphocyte subsets and 
autoantibody levels during gluten-free diet

The degree of changes in log levels of tTG autoantibodies
were compared with changes in lymphocyte subsets after six
months of gluten-free diet. Changes in B cells correlated with
both changes in IgA-tTG (r = 0·56, P = 0·01) and IgG-tTG
(r = 0·49, P = 0·03), whereas there was no correlation

between T cells and IgA-tTG (r = 0·21 P = 0·35) or IgG-tTG
(r = 0·05, P = 0·82). However, CD4+ T cells were positively
correlated  with  change  in  IgA-tTG  (r = 0·66,  P = 0·004)
and IgG-tTG (r = 0·48, P = 0·04), whereas there was no
association between CD8+ T cells and IgA-tTG (r = –0·32,
P = 0·15) or IgG-tTG (r = –0·43, P = 0·06). A greater increase
in  the  CD4+CD25high  T  cell  subset  was  associated  with  a
lesser  decline  in  IgA-tTG  (r = 0·59,  P = 0·01)  and
IgG-tTG (r = 0·52, P = 0·02)  (Fig. 3a). The change in
CD4+CD25highCD45RA+ T cells was only correlated with
change in IgA-tTG (r = 0·46, P = 0·04) (Fig. 3b). Moreover,
the change of subset CD4+CD25highCD45RO+ T cells corre-
lated negatively with change in IgA-tTG (r = –0·49, P = 0·03)
in contrast to IgG-tTG (r = –0·29, P = 0·20) (Fig. 3c). An
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inverse relationship was observed between change in
CD4+CD25highCCR4+ T cells and change in both IgA-tTG
(r = –0·54, P = 0·01) and IgG-tTG (r = –0·67, P = 0·003)
(Fig. 3d).

Discussion

It is well known that the alleviation of symptoms and clinical
signs related to CD is associated with a reduction in tTG
autoantibody levels [38]. However, it is not clear to what
extent the reduction in tTG autoantibodies might be
reflected by changes in the frequency of peripheral blood B
and T lymphocytes. The recent rapid development of highly
specific cell surface marker reagents for different subsets of B
and T cells has made it possible to test the hypothesis that
gluten-free diet is affecting the proportion of certain lym-
phocyte subsets in CD patients.

RBA for quantitative measurement of tTG autoantibodies
can detect diet-induced changes in autoantibody levels with
high accuracy [39]. Using the RBA for IgA-tTG and IgG-tTG,
we could objectively assess and document disease activity
over time to delineate how the patients responded to their
diet. Even though we found a dramatic decline in tTG
autoantibody levels after treatment with gluten-free diet,

some children still showed high levels after six months. The
absence of an effect on autoantibody levels might be
explained by the ability of the patients to follow the recom-
mended diet guidelines during the first months after
diagnosis.

The distinct but variable decline in tTG autoantibody lev-
els in this study allowed us to test whether the reduction in
autoantibodies was associated with changes in the propor-
tion of lymphocyte subsets. We are well aware of the fact that
we are observing changes in proportion of certain subsets in
parallel with the reduction of autoantibodies. It is therefore
not possible to determine whether the observed changes in
lymphocyte proportions precede the reduction of autoanti-
body levels or are a consequence of reduced autoantibody
levels.

Nevertheless, our results suggest that a significant decline
in tTG autoantibody levels is associated with change in both
B cells and CD4+ T cells. We speculate that the reduction in
the proportion of B cells in children demonstrating low tTG
autoantibody levels at six months may be due to absence of
the antigenic stimulation by gliadin leading to a contraction
of circulating B lymphocytes. Similar to the reduction of B
cells following gluten-free diet and a concomitant reduction
in tTG autoantibodies, a decrease in the CD4+ T cell

Fig. 3. Correlations between changes in log10 levels of IgA-tTG (�, ——) and IgG-tTG (�, ···········) and changes in subsets of peripheral blood 

lymphocytes in children with coeliac disease after six months of gluten-free diet (n = 20).
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population would suggest that the immune system retracts
after healing of the intestinal mucosa.

We also observed a decrease in CD4+CD25high T cells that
correlated with the decline in tTG autoantibody levels.
CD4+CD25high T cells are regarded as a circulating regula-
tory T cells with suppressor function on autoreactive T
cells [23,40]. The decrease in CD4+ T cells and circulating
regulatory T cells could reflect the accumulation of those
cells in the intestinal mucosa during healing. However, this
is in contrast to a recent report where patients with inac-
tive compared to active inflammatory bowel disease
showed an expansion of peripheral blood CD4+CD25high T
cells [41]. This is of interest since gliadin as a sole source
of antigen activates CD after re-introduction perhaps
because the gluten-free diet is associated with a decrease
rather than an increase in this supposedly regulatory T cell
subset.

Although we found a decrease in CD4+CD25high T cells,
the proportion of cells within this subpopulation expressing
CCR4 was increased, suggesting a re-circulation of primed
regulatory T cells. CCR4 is highly expressed on differenti-
ated regulatory T cells and is an important chemokine
receptor for the recruitment of T cells in the site of inf-
lammation and their interaction with dendritic cells
[29,42]. The specific increase in the proportion of
CD4+CD25highCCR4+ subpopulation might indicate a possi-
ble mechanism of peripheral tolerance induced after
removal of the antigenic stimulation during remission,
which could be mediated by the specific regulation of highly
specialized regulatory T cells.

The chemokine receptor CCR9 and the B7 integrin are
expressed selectively on T cells in the intestinal mucosa and
in a subset of circulating T cells [43]. Therefore, CCR9 and
B7 integrin have been proposed as a marker for T cells hom-
ing to the intestinal lamina propria. These cells may play an
important role in the pathogenesis of inflammatory bowel
disorders and the presence of these cells in the periphery
might reflect an active inflammatory process in the gut [44].
Overall, we were not able to find any differences in the
expression of CCR9 or B7 integrin on either CD4+ or CD8+ T
cells before or after gluten-free diet (data not shown). How-
ever, a moderate reduction in CD8+CCR9+ T cells was
observed only in children remaining high in tTG autoanti-
body levels after six months. This may indicate that gluten-
free diet nonresponders may retain cytotoxic T cells in the
gut, but the significance of this finding will need further
investigation.

Interestingly, it has been shown that in peripheral blood
gliadin-specific T cells secreting IFN-γ and expressing B7
integrin are only detectable for a few days shortly after oral
gluten challenge in CD patients that were previously on glu-
ten-free diet [21,45]. These findings could explain our diffi-
culties in detecting changes in T cells expressing markers
associated with homing to the intestinal lamina propria after
three and six months of gluten-free diet and are in line with

our observation of a specific increase of primed regulatory T
cells after antigen removal. In future studies, we will monitor
children with more frequent blood samples to test the
hypothesis that changes in peripheral B and T cell subsets
will precede the reduction in tTG autoantibody levels in
response to gluten-free diet.

In summary, this prospective observational study adds
credible evidence that the decline in tTG autoantibody levels
induced by gluten-free diet is associated with a shift in spe-
cific peripheral blood lymphocyte subsets in children with
newly diagnosed CD. We further found that the children
who significantly reduced their tTG autoantibody levels after
six months of treatment, also showed the greatest changes in
peripheral B and T cell subset. From a clinical point of view,
this study suggests that flow cytometry might be a useful
complement to tTG autoantibodies to monitor the disease
activity of childhood CD. Indeed, peripheral blood lympho-
cyte subsets need to be further explored in both clinical and
functional studies to evaluate the role of B cells and regula-
tory T cells, not only during the development of CD but also
in response to gluten-free diet.
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