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Purpose: Polymorphisms in cytokine genes can determine their level of expression and affect the phenotypic

expression of immunomediated diseases, such as celiac disease (CD). We thus evaluated cytokine polymorphism

prevalence in CD patients and population controls, and assessed the correlation between specific polymorphisms

and celiacs’ clinical characteristics. Methods: 155 CD patients and 202 population controls were enrolled in the

study. Cytokine polymorphisms (TNF� �308 and �238, IL-1� �511 and �3954, IL-1b RN � 2018, IL-6 �174,

IL-10 �1082, �819 and �592, TGF�1 � 29 and �74, IFN-� � 874) and HLA class II alleles were determined by

sequence-specific primer polymerase chain reaction or restriction fragment length polymorphism analysis. Duo-

denal histology was classified using Marsh’s criteria. Variables significantly associated with CD patients’ charac-

teristics were identified by multivariate logistic regression analysis. Results: A significantly higher frequency of

�308 TNF� polymorphism was observed in CD patients compared to the entire population control group, although

no difference was detected when population controls were stratified according to HLA class II. Among celiacs, early

onset of the disease (�2 year old) and the presence of a severe intestinal lesion (Marsh 3C) were significantly

associated with the �1082 A/A IL-10 genotype which corresponds to a low producer phenotype (OR 3.28, 95% CI

1.49–7.19 and OR 2.60, 95% CI 1.04–6.49, respectively). Conclusion: The association between IL-10 genotypes

and both histological severity at diagnosis and age of onset could be related to an alteration in cytokine balance,

and supports the idea that the various clinical manifestations of the disease could be determined by a different

genetic background. Genet Med 2006:8(3):169–174.
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Celiac disease (CD) is a common,world-wide disorder char-
acterized by less or more severe atrophy of small bowel villi,
crypt hyperplasia and lymphocyte infiltration in lamina pro-
pria and epithelium. The damage observed in the intestinal
mucosa is the result of the interplay between several genes and
gluten, the environmental factor which triggers the immune
response in celiac subjects.1

Celiac disease, in 80–90% of the cases, is associated with a
specificHLA class II heterodimer, generated by the products of
the DQA1*0501 and DQB1*02 alleles (DQ2), whereas the
DQA1*03/DQB1*0302 heterodimer (DQ8) is detected in the
major part of DQ2-negative cases.2 However, the association

with DQ alleles cannot explain the wide range of clinical pic-
tures observed in celiac disease, such as the different age of
onset, the variable severity of histological damage or the pres-
ence of associated disorders. In fact, it has been calculated that
theHLA region contributes for 40% to the family risk of devel-
oping celiac disease.3 Several genomewide linkage studies have
been performed in order to identify other genomic regions
containing disease predisposing variants.4 Among the loci
identified, two of them (5q31-33 and 19p13.1) have also been
associated to another chronic inflammatory intestinal disease
such as Crohn’s disease.5 Moreover, a recent paper by Mon-
suur at al. which analyzed the 19p13.1 region reported a signif-
icant association to an intronic variant of the gene MYOSIN
IXB, involved in actin remodeling of epithelial enterocytes.6

On the other hand, significant linkage has also been detected
for the 2q23-32 region,4 which contains the CD28, CTLA4 and
ICOS genes, that regulate the T-cell activation triggered by
antigen exposure on HLA class II molecules by antigen pre-
senting cells.7

Involvement of immune system and T-cell activation in the
development of the intestinal damage observed in celiac dis-
ease has been ascertained by several evidences.8–10 T-cell acti-
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vation mainly generates a Th1 response characterized by in-
creased production of IL-2, interferon-� (IFN�), IL-6 and
tumor necrosis factor-� (TNF-�)11,12, which, in turns, triggers
cell-mediated immunity and thus intestinal mucosal damage.
This response can be counteracted by the production of anti-
inflammatory cytokines such as IL-10, which inhibits mono-
cytes/macrophages activation and IFN� production.13

The production of cytokines can be modulated both by the
stimuli present in the local environment as well as by genetic
factors.14–18 In fact, the presence of polymorphisms within the
coding or noncoding sequences of cytokine genes can alter the
efficiency of transcription of these genes and thus the produc-
tion of cytokines, as demonstrated by studies both in vitro and
in vivo.15–18 These polymorphisms could thus play a role in
determining the phenotypic expression of CD, shifting the bal-
ance toward an increased pro-inflammatory cytokine expres-
sion. Up to now, studies performed on CD patients have
mainly focused onTNF� promoter polymorphisms, with con-
flicting results regarding its association to the disease indepen-
dently from the DQ2 haplotype.19–25 Moreover, very few
studies have subdivided celiac patients according to their char-
acteristics and, even in this case, only HLA class II alleles or
antibody production have been considered.22–24,26

The aimof this studywas to compare the prevalence of poly-
morphisms of some pro- and anti-inflammatory cytokines
genes in a large series of Italian celiac patients and population
controls, and to analyze their possible relationship with differ-
ent clinical parameters.

MATERIALS AND METHODS
Subjects

From April, 2004 to June, 2004 155 consecutive celiac pa-
tients (48 males and 107 females) who attended the Gastroen-
terology Unit at the Department of Medical Sciences, IRCCS –
Ospedale Maggiore, Milan, Italy for their yearly follow-up
were enrolled in this study. Diagnosis had been established in
this Department or in the Pediatric Clinic of Milan University
when the patients were�2 and�2 year old in 51 and 104 cases,
respectively; for patients in the latter subgroup, themean age at
diagnosis was 30.6 � 17.6 years. All patients had been histo-
logically diagnosed: the adult group underwent duodenal bi-
opsy at diagnosis and 18-24 months after gluten-free diet,
whereas the pediatric group was diagnosed according to
ESPGHAN criteria, which required the finding of a character-
istic small intestine mucosal abnormality at histological exam-
ination, clinical remission on gluten-free diet and relapse after
gluten challenge.27 All the patients had at least one positive
serologic marker of CD (antigliadin, antiendomysial, and an-
titissue transglutaminase antibodies) at the moment of diag-
nosis. None of the patients had IgA deficiency. All patients
responded to the gluten-free diet, and the histological exami-
nation performed on the biopsies obtained during the fol-
low-up endoscopy revealed a Marsh grade 0 or I. HLA typing
was performed as part of the diagnostic routine; the DQ2 het-
erodimer was present in 139 celiac patients (88.5%), whereas

other seven carried the DQ8 heterodimer (4.5%). The popula-
tion control group included 202 adult subjects (98 males and
104 females, mean age years 27.3 � 18.9), randomly selected
from a large study performed on the population from the same
geographical area for health surveillance purposes. None of
these subjects had gastrointestinal symptoms or associated im-
mune diseases. Forty-three population controls carried the
DQ2 heterodimer (21.3%) and five the DQ8 heterodimer
(2.5%). All the subjects (patients and population controls) in-
cluded in the study were of Caucasian origin. All patients gave
their informed consent to participate in the study, which was
authorized by the local Ethical Committee (IRCCS Ospedale
Maggiore, Milan, Italy).

Criteria for CD diagnosis

Serum immunoglobulins were determined by standard
techniques in order to exclude IgA deficiency. IgA antigliadin
antibodies (AGA) and antitissue transglutaminase antibodies
were analyzed with a commercial ELISA kit (OR-GenTec Di-
agnostika GmbH, Germany and Eu-tTG IgA, Eurospital, Tri-
este, Italy, respectively), and antiendomysial IgA antibodies
(EMA) by indirect immunofluorescence on monkey esopha-
gus (Biognost Endomysiale AK, Bios GmbH Labordiagnostik,
Germany). Serological positivity led to intestinal biopsies ob-
tained by Crosby capsule in infants or by endoscopy in older
children and adults. Biopsies were processed and stained with
hematoxylin-eosine in accordance to standard techniques. The
histological description followed Marsh classification, modi-
fied by Oberhuber et al.28 Only grade 3 alterations [villous
atrophy moderate (A), subtotal (B) or total (C), crypt hyper-
plasia and increased lymphocytes in lamina propria and epi-
thelium] allowed to diagnose celiac disease. Classification into
Marsh’ subtypes was determined by the histological damage
observed in at least three out of the four biopsies obtained from
each patients. Response to gluten-free diet was observed in all
patients.

DNA isolation

DNA was extracted from peripheral blood lymphocytes us-
ing the Wizard DNA purification kit (Promega, Milan, Italy)
according to the manufacturer’s instruction.

Cytokine genotyping

The presence of polymorphisms in position �308 (G/A) in
the TNF� promoter, �1082 (G/A), �819 (C/T) and �592
(C/A) in the IL-10 promoter and �174 (G/C) in the IL-6 one,
as well as in codon 10 (�29, T/C) and codon 25 (�74, G/C) in
the TGF�1 gene and in position �874 (A/T) in intron 1 of the
IFN-� gene were analyzed using the sequence specific primers
(SSP)-PCR Cytokine Genotyping kit (One Lamda Inc., Ca-
noga Park, CA) according to the manufacturer’s instruction.
Polymorphism in position�238 (G/A) in the TNF� promoter
was assessed using the primers reported by Fargion et al.;29 the
obtained PCR products were then digested with MspI and an-
alyzed on a 2.5% agarose gel. The DNA fragments containing
the polymorphisms�511 (C/T) and�3954 (C/T) in the IL-1�
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gene were amplified as previously described by Nemetz et al.30

and the PCR products digested with AvaI and TaqI, respec-
tively. The IL-1b RN polymorphism in position �2018 (T/C)
was assessed as previously described by Clay et al.31

HLA typing

High resolution class II genotyping for theDRB1,DQA1 and
DQB1 loci was performed by SSP-PCR using commercial kits
according to manufacturer’s instructions (Olerup, Uppsala,
Sweden and Dynal, Oslo, Norway).

Statistical analysis

Allele and genotype frequencies were compared between
cases and controls by chi-square analysis followed, in case of a
significant result, by multiple comparisons. Deviations from
Hardy-Weinberg equilibrium were tested with an exact test.32

Polymorphisms were analyzed both as nucleotide variations at
a single locus or as combined genotypes. The linkage disequi-
librium (D) between two loci is expressed as the percentage of
the observed disequilibrium with respect to the maximum
value (positive or negative as it corresponds).33 Haplotype fre-
quencies were calculated using PHASE software,34 which pro-
vides a haplotype reconstruction from population genetic
data. Adjusted odds ratios (OR) with 95% confidence intervals
(CI)were computed bymultivariate logistic regression accord-
ing to a backward procedure using the SAS statistical software
(6.12 version SAS Institute Inc., SAS/STAT User’s Guide, Ver-
sion 6, Fourth Edition, Volume 2, Cary, NC, 1989).
With 155 cases and 202 population controls this study has

a power of 0.80 (at least) of demonstrating a 0.15 difference
in the prevalence of a characteristic, such as polymor-
phisms, of cases against population controls or, equiva-
lently, odds ratio ranging from 1.86 to 4.75 at a �2 test with
a significance level of 0.05.

RESULTS
Cytokine polymorphisms in celiac patients and population controls

No significant difference was observed in the genotypic (Ta-
ble 1 andTable 2) or allelic frequencies of the different cytokine
polymorphisms in celiac patients and population controls,
apart from the G to A substitution in the homozygous state in
position �308 in the TNF� promoter, which was significantly
more frequent in celiac patients. This difference was evident
even when the �308A allelic frequency was considered (0.274
vs. 0.114 in CD patients and population controls, P � 0.001).
However, a significant linkage disequilibriumwas detected be-
tween the A allele in position�308 in the TNF� promoter and
the DQB1*0201, being 82% and 63% in celiac patients and
population controls, respectively (P � 0.01 and �0.05). In
fact, when the �308A allelic frequency was compared in celiac
patients and population controls bearing the DQ2 haplotype,
no significant difference could be detected (0.397 vs. 0.352 in
celiacs and population controls respectively). Due to the small
sample size of DQ8 positive patients and population controls
(7 and 5 subjects, respectively), we could not assess whether or

not the �308A polymorphism was associated with the pres-
ence of theDQA1*03/DQB1*0302 alleles. All the examined al-
leles, both in celiac patients as well as in population controls,
were in Hardy-Weinberg equilibrium, with negligible chi-
square values. In all subjects, a 100% linkage disequilibrium
was detected between the IL-10 �819 and �592 alleles (P �
0.01).

Association between IL-10 �1082 polymorphism and age of onset
of celiac disease

To evaluate the possible association between cytokine poly-
morphisms and the clinical characteristics of celiac patients,
univariate analysis was performed subdividing the patients ac-
cording to the presence of a positive family history for celiac
disease (at least one first degree relative affected), association
with other autoimmune diseases, age at onset (� or �2 year
old) and severity of the intestinal damage as assessed by histol-
ogy at diagnosis. The 2-year-old cutoff was chosen in order to
obtain two classes: one with the maximal expected rate of clas-
sic CD (diarrhea, weight loss and growth retardation) and the
other with patients with different clinical pictures of CD at
presentation (anemia, dyspepsia, hypertransaminasemia).
No difference in the frequency of all polymorphisms, nei-

ther considered as genotype nor allele frequency was observed
in the subgroups of celiac patients affected by associated auto-

Table 1
Frequency of pro-inflammatory cytokine polymorphism genotypes in 155

Italian celiac disease (CD) patients and 202 population controls

CD patients Population
controls

Genotype Number % Number % P

IL-1� �511 C/C 59 38.1 92 45.6

C/T 73 47.1 91 45.0 0.179

T/T 23 14.8 19 9.4 0.071*

IL-1� �3954 C/C 86 55.5 123 60.9

C/T 59 38.1 67 33.2 0.609

T/T 10 6.4 12 5.9 0.384*

IL-6 �174 G/G 62 40.0 75 37.1

G/C 73 47.1 96 47.6 0.756

C/C 20 12.9 31 15.3 0.468*

TNF� �238 G/G 139 89.7 190 94.0

G/A 15 9.7 12 6.0 0.212

A/A 1 0.6 0 0 0.097*

TNF� �308 G/G 85 54.8 157 77.7

G/A 55 35.5 44 21.8 �0.001

A/A 15 9.7 1 0.5 �0.001*

IFN� �874 A/A 51 32.9 70 34.7

A/T 74 47.7 93 46.0 0.936

T/T 30 19.4 39 19.3 0.814*

*�2 for the trend.
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immune diseases (N � 41) and in those with familiarity (N �
27), (data not shown).
When celiac patients were subdivided according to the age

of onset, a significant difference (P � 0.037) was observed in
the frequency of the IL-6 �174C/C genotype. In fact, this ge-
notypewas less represented in the 51 (21males and 30 females)
celiac patients �2 year old than in the 104 (27 males and 77
females) celiac patients �2 year old (3.9% vs. 17.3% respec-
tively). On the contrary, the frequency of IL-10 �1082 A/A
genotype in celiac patients�2 year old was significantly higher
than that observed in patients with a later onset of the disease
(51% vs. 19.2% respectively, P � 0.001). Two other variables
were significantly associated with a younger age at diagnosis,
namely the male sex (41.2% vs. 25.9% in celiacs � or �2 year
old, P � 0.048) and the increased severity of the intestinal
damage (Marsh 3C 88.2% vs. 51% in celiacs � or �2 year old,
P � 0.001). At multivariate logistic regression analysis, an in-
creased odds ratiowas associatedwith the presence of the IL-10
�1082 A/A genotype, male sex andMarsh 3C lesion, as shown
in Table 3, whereas no significant association could be con-
firmed with the IL-6 �174 C/C genotype.
To assess whether the presence of a single A allele in position

�1082 in the IL-10 promoter could be associated with an early
onset of the disease, we performed an analysis comparing the
A/A, G/A and G/G genotype. Only the A/A genotype showed a

significantly increased odds ratio of an early development of
the disease compared both to the G/A genotype (OR 3.1545,
95%CI 1.3986–7.2993) and theG/G genotype (OR 3.788, 95%
CI 1.145–14.0845), whereas theG/A genotype did not carry an
increased risk as compared to the G/G one (OR 1.200, 95% CI
0.379–4.289).

Association between IL-10 �1082 polymorphism and severity
of histological damage

When celiac patients were subdivided according to the se-
verity of histological intestinal damage (Marsh �3C N. � 60,
25 males and 35 females; Marsh 3C N � 95, 23 males and 72
females), a significantly higher frequency of the IL-10 �1082
A/A genotype was observed in celiacs with a more severe intes-
tinal lesion (14 vs. 38.8% inMarsh 3A/B andMarsh 3C respec-
tively, P � 0.002). Two other variables were significantly asso-
ciated with the presence of aMarsh 3C lesion, namely themale
sex (24.2% vs. 41.6% in Marsh 3A/B and Marsh 3C respec-
tively, P � 0.037) and the younger age (10.5 vs. 45.9%, P �
0.001). At multivariate analysis, only the presence of the IL-10
�1082 A/A genotype and age�2 years old at diagnosis showed
significant odds ratios, as shown in Table 4.
Even in this case, multivariate analysis was also performed

comparing theA/A, G/A and G/G genotype. TheA/A genotype
carried a significantly increased risk only as compared to the
G/G genotype (OR 3.840, 95% CI 1.188–13.096), whereas the
G/A genotype did not (OR 1.657, 95% CI 0.618–4.531).

DISCUSSION

It is nowwell-known that celiac disease is a disorder due to a
partially-explained immunomediated mechanism caused by
environmental and genetic factors.1–4 Celiac disease presents
with different clinical characteristics ranging from absence of
symptoms to a life-threatening condition, different age of on-

Table 2
Frequency of anti-inflammatory cytokine polymorphism genotypes in 155

Italian celiac disease (CD) patients and 202 population controls

CD patients Population
controls

Genotype Number % Number % P

IL-1RN �2018 T/T 88 56.8 113 55.9

T/C 59 38.1 67 33.2 0.133

C/C 8 5.1 22 10.9 0.342a

TGF� codon 10 T/T 58 37.4 67 33.2

T/C 69 44.5 99 49.0 0.660

C/C 28 18.1 36 17.8 0.596a

TGF� codon 25 G/G 137 88.4 173 85.6

G/C 16 10.3 28 13.9 0.443

C/C 2 1.3 1 0.5 0.623a

IL-10 �1082 G/G 26 16.8 29 14.4

G/A 83 53.6 97 48.0 0.289

A/A 46 29.6 76 37.6 0.153a

IL-10 �819 C/C 92 59.4 102 50.5

C/T 56 36.1 84 41.6 0.173

T/T 7 4.5 16 7.9 0.062a

IL-10 �592 C/C 92 59.4 102 50.5

C/A 56 36.1 84 41.6 0.173

A/A 7 4.5 16 7.9 0.062a

a�2 for the trend.

Table 3
Variables significantly associated with an early onset of

celiac disease (�2 years)a

Variable OR 95% CI P

Male sex 2.43 1.06–5.59 0.036

IL-10 �1082 A/A genotype 3.28 1.49–7.19 0.0031

Marsh 3C 6.83 2.68–20.24 0.0002

aMultivariatemodel-estimated odds ratios (OR) and 95%confidence intervals
(CI).

Table 4
Variables significantly associated with more severe intestinal lesion

(Marsh 3C)a

Variable OR 95% CI P

IL-10 �1082 A/A genotype 2.604 1.040–6.493 0.0409

Age �2 yr. 6.730 2.498–18.131 0.0002

aMultivariatemodel-estimated odds ratios (OR) and 95%confidence intervals
(CI).
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set and variable degree of severity in the intestinal mucosa
damage.1 These different clinical manifestations could be ex-
plained by the presence of additional modifier genes which
may influence the disease phenotype. Candidate genes may
include those coding for cytokines, which have been demon-
strated to play an important role in the immune response of
CD patients.11–13 Several polymorphisms have been detected
both in the coding and non-coding regions of these genes, and
in vitro and in vivo data showed a correlation between specific
polymorphisms and the levels of the produced proteins or the
phenotype of various immunomediated diseases.15–18,29,30

In the present study, no significant difference in frequencies
of the analyzed polymorphisms could be detected between the
CD patients and population controls, apart from a signifi-
cantly higher frequency of the A allele in position �308 in the
TNF� promoter. Comparable frequencies in the polymor-
phisms in celiacs and population controls have been found also
byWolley et al.,25 who recently evaluated a series of FinnishCD
patients using a family-based approach, thus supporting the
idea that these polymorphisms per se do not provide an in-
creased susceptibility toCD. The frequency of the�308A allele
observed in our series is similar to that observed in other pa-
tients from the Mediterranean area,21,22 but lower than that
reported in Irish and Swedish series.19,23 However, in our pop-
ulation, no significant difference could be observed when pa-
tients and population controls were stratified according to the
presence of DQ2, similarly to what reported by Polvi et al.20

and Wolley et al.25

To assess whether cytokine polymorphisms could affect the
clinical manifestations of celiac disease we performed a multi-
variate analysis, considering also the possible combined geno-
types. Only the presence of the �1082 polymorphism in the
IL-10 promoter resulted significantly associated both with the
age of onset and amore severe mucosal lesion. The presence of
the G to A substitution at position �1082 in the IL-10 pro-
moter reduces the level of transcription of the IL-10 gene in
vitro,15 and in vivo studies demonstrated that the presence of
the�1082A allele is associatedwith reduced quantities of IL-10
both at the mRNA and protein level.16,18,24 IL-10 is a potent
anti-inflammatory cytokine which may act at various levels to
counteract the effects of pro-inflammatory cytokines such as
IFN-�, IL-2, TNF-�, and IL-4 and to inhibit the antigen-pre-
sentation capacity of macrophages and dendritic cells.35 Inter-
estingly, IL-10 polymorphisms with a low production pheno-
type have been associated with a more severe form of juvenile
rheumatoid arthritis,15 disease severity in multiple sclerosis,36

and rate of progression in primary glomerulonephritis.37 In all
cases, no differences in polymorphism prevalence were ob-
served between the patient and control populations, again sug-
gesting that these polymorphisms do not represent the caus-
ative gene but contribute to modifing the phenotype.
As regards celiac disease, IL-10 polymorphisms have been

investigated in different studies.23–26 Two of them did not de-
tect any significant difference in the frequency of these poly-
morphisms between celiacs and controls,25,26 whereas one ob-
served a significant lower prevalence of low TNF�/high IL-10

producers in celiacs with IgA deficiency versus celiacs with
normal IgA levels and controls.24 Interestingly, Hahn-Zoric
et al.23 inversely correlated the presence of the low TNF�/high
IL-10 producer genotype with the serum levels of antitissue
transglutaminase antibodies. Although the role of anti-TG an-
tibodies in the pathogenesis of CD and in the development of
the intestinal lesions is still unclear, the higher levels of antitis-
sue transglutaminase antibodies observed in the low IL-10 pro-
ducers could be attributed to the presence of a more severe
intestinal lesion.38,39 The pivotal role of IL-10 in the develop-
ment of the celiac lesion is also supported by a recent paper by
Salvati et al.,13 which demonstrated that IL-10 was able to in-
hibit the cytokine production triggered by gliadin in duodenal
biopsies of CD patients. Lastly, it must be noted that in our
present study the A allele in position �1082 in the IL-10 pro-
moter was significantly associated with an earlier diagnosis,
possibly suggesting the existence of genetic differences be-
tween celiac patients diagnosed in childhood or adulthood.
This hypothesis is supported by the recent report by Ashwood
et al.,40 who detected a decreased production of IL-10 by intra-
epithelial and intralamina propria lymphocytes in duodenal
biopsies of CD patients diagnosed in pediatric age. This unbal-
ance in the cytokine production toward a pro-inflammatory
response could thus cause an earlier development of the disease.
In conclusion, the present study evaluated the frequency of

polymorphisms in several cytokine genes in a large series of
Italian celiac patients and population controls. For the first
time we found a significant association between IL-10 geno-
types and both histological severity at diagnosis and age of
onset, thus supporting the hypothesis that a different genetic
background affects the clinical manifestations of the disease.
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