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Abstract

Purpose Celiac disease (CD) is a multifactorial, autoimmune, gluten-sensitive inflammatory disorder of the small intestine.
Taking into account the pathogenesis of CD, a strict gluten-free diet (GFD) is the only treatment able to restore epithelium
integrity and eliminate complications. The current study was designed to assess whether the use of a GFD is sufficient for
maintaining a correct oxidative/antioxidant balance and ameliorating the evoked inflammatory signaling in young patients
with CD.

Methods The study covered 80 children, aged between 7 and 18 years, attending the Gastroenterology Service of the Gas-
troenterology, Hepatology and Child Nutrition Service from the Virgen de las Nieves Hospital in Granada. Children with CD
diagnosed were included in the celiac group who followed a strict GFD for 2 years (n=40) and the control group (n=40)
included healthy children, with negative serological screening. Soluble superoxide dismutase 1 and 2, total antioxidant status,
8-hydroxy-2'-deoxyguanosine, cortisol, melatonin and inflammatory parameters in plasma, 15-F2t-isoprostanes in urine,
and DNA breaks in peripheral blood lymphocytes were analysed.

Results No differences were found in oxidative stress between CD patients and controls; however, IFN-y, IL-1a, IP-10 and
TNEF-f were higher in the CD patients. VEGF was also higher than in the control group.

Conclusion The GFD in the CD patients is enough to reduce the oxidative stress; however, in the case of the inflammatory
signaling, the initial exposure to gluten prior to stablish the GFD is strong enough to induce an inflammatory state which is
maintained (even when consuming the GFD); meanwhile the increase in VEGF recorded in the CD group could be a com-
pensatory mechanism to restore the damaged mucosa and duodenal villous atrophy, due to its role in endothelial activation
and generation of new functional and stable vascular networks.
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Introduction

Celiac disease (CD) is a multifactorial, autoimmune,
gluten-sensitive inflammatory disorder of the small intes-
tine, which occurs in people with a genetic predisposition.
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It is one of the more common genetic diseases, with a
prevalence of 1-3% of the population worldwide [1]. The
pathogenesis of CD is complex and still not fully under-
stood. Besides genetic predisposition, immune response
plays a vital role in the pathogenesis and disease develop-
ment. It has been assumed that oxidative stress, because
of an increase in the concentration of reactive oxygen
species (ROS), a decrease of antioxidant capacity, and
the pro-inflammatory state are the main processes pos-
sibly involved in gliadin toxicity. The mucosal damage in
celiac patients is considered to be induced by the interplay
between innate and adaptive immune responses to dietary
gluten. Gluten peptides in enterocytes induce certain sig-
nal transduction pathways by accumulating in lysosomes
and increase the levels of ROS, impairing the oxidation
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redox equilibrium [2]. In this sense, oxidative stress plays
an important role in the pathogenesis of many intestinal
symptoms of CD not only in adults but also in children, a
currently expanding group affected by these diseases [3].
Nevertheless, data concerning ROS status and antioxidant
defense in children patients with CD are scarce [4].

Gliadin gene sequence contains regions that play an
important role in CD pathogenesis by exerting cytotoxic
or immunomodulatory activity. Other regions within the
gene are responsible for triggering oxidative stress and
inducing the release of proinflammatory cytokines [5, 6].
It has been reported that the interaction of peripheral blood
mononuclear cells of CD patients with gliadin produces
interleukin 1p (IL1p) [7]. Recently, interleukin 15 (IL-15)
was also found to be upregulated in the epithelium and
lamina propria of CD patients [8]. Thl response increases
interferon gamma (IFNYy), leading to intraepithelial lym-
phocyte toxicity and the onset of CD [9]. Various epitopes
of gliadin can stimulate tumor necrosis factor (TNF), and
proinflammatory cytokines (IFN), due to adaptive immune
response. Such immunological changes enhance the per-
meability of the intestine, thereby causing harm to the
intestinal mucosa [9]. Many of the pathways that lead to
the production of such inflammatory mediators may be
initially induced by oxidative stress because these interleu-
kins can overload cells and cause excessive mitochondrial
oxidation, resulting in increased production of ROS and
oxidative stress [10]. Furthermore, some CD patients may
also experience psychological and emotional stress caused
by everyday implications of gluten-free diet (GFD) [11],
resulting in increased cortisol release and melatonin reduc-
tion, facts that could also influence the antioxidant status.

As a consequence, the treatment with a GFD results
in the improvement of several clinical biomarkers in CD
patients [12]; however even with the high amount of infor-
mation about this pathology in the scientific literature, to
date still it is not well elucidated if the compliance with
GFD will be enough to prevent the oxidative stress and
inflammatory signaling in patients with CD.

Young CD patients are a very vulnerable group for
research due to the implications of the CD manifestations
in growing and developing, and due to the lack of relevant
research data, it is necessary to carry out additional studies
to build on the amount of previously conducted studies.
While the diagnostic criteria of CD are well known and
well established, it remains difficult to define the correct
use of available biomarkers to assess the progression of the
disease during follow-up. The current study was designed
to assess whether the use of a GFD in young patients with
CD is sufficient for maintaining a correct oxidative/anti-
oxidant balance and ameliorating the evoked inflammatory
signaling.
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Materials and methods
Subjects

The study was carried out according to the principles of
the Declaration of Helsinki and its later amendments and
approved by the Ethics Committee of the University of
Granada (Ref. 201202400000697). The study covered 40
children, between 7 and 18 years, attending the Gastroen-
terology, Hepatology and Child Nutrition Service from the
University Hospital Virgen de las Nieves in Granada. The
control group included 40 healthy children, whose serologi-
cal screening was negative and who had no history of any
chronic disease. These children attended to this Service due
to minor symptoms related to for chronic functional con-
stipation, according to the Rome IV criteria. After verify-
ing that was due to transitory gastrointestinal symptoms
(functional constipation), they were included in the control
group. Once the constipation was overcome, the absence of
serum IgA and IgG anti-transglutaminase (tTG) antibodies
was assessed. Inclusion criteria for the control group were:
age between 7 and 18 years, absence of serum IgA and IgG
anti-transglutaminase (tTG) antibodies, normal weight for
the age, absence of gastrointestinal disorders in the previous
year and normal appetite. Children with CD diagnosed in
accordance with the European Society for Pediatric Gas-
troenterology Hepatology and Nutrition (ESPGHAN) were
included in celiac group (n=40). These were children on
a strict GFD during at least 2 years, as evidenced by the
absence of serum IgA and IgG anti-transglutaminase (tTG)
antibodies during the last year (at least) [13]. Exclusion cri-
teria for both groups were: liver or kidney diseases, acute
and chronic inflammation, inflammatory bowel disease, dia-
betes, chronic asthma, consumption of dietary supplements
containing substances with antioxidant activity. We also
excluded obese patients (according to criteria of the Inter-
national Task Force) [14], and those who did not sign the
informed consent. Written informed consent was obtained
from all parents. Anthropometric characteristics (weight,
height, mineral bone density and body fat in control and
celiac subjects receiving GFD were assessed (Table 1).

Experimental design
Anthropometric measurements
Weight, height, bone mineral density and body fat were col-

lected to assess nutritional and development status of the
participants.
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Table 1 Anthropometric characteristics in control and celiac subjects
receiving GFD

Control group (n=40) Celiac group (n=40)

Age (years) 11.42+3.55 10.06 +3.12
Sex
Boys (%) 52 55
Girls (%) 48 45
Weight (kg) 41.86+13.77 34.75+10.53
Height (cm) 147.25+19.16 138.88 +£15.58
Mineral bone 0.80+0.12 0.77+0.11
density (g/cm?)
Body fat (%) 27.58 +£8.07 29.47+6.23

Data are shown as the mean values + SEM

Blood sampling

For measurements, venous blood (5.0 mL) was taken in the
morning hours from fasting patients. Blood was collected
into anticoagulated tubes with sodium heparin. To obtain
plasma, the blood was centrifuged at 2500xg at 4 °C for
10 min. Plasma samples were frozen (— 80 °C) until further
measurements.

Soluble superoxide dismutase (SOD) 1 and 2

Soluble isoforms of SOD1 and SOD2 were determined in
plasma using the HND3MAG-39K Milliplex MAP Human
Neurological Disorders Magnetic Bead Panel 3 (Millipore
Corporation, Missouri, USA), based on immunoassays on
the surface of fluorescent-coded beads (microspheres), fol-
lowing the specifications of the manufacturer (50 events per
bead, 50 pL sample, gate settings: 8000—15,000, time out
60 s). Plate was read on LABScan 100 analyzer (Luminex
Corporation, Texas, USA) with xPONENT software for data
acquisition. Average values for each set of duplicate samples
or standards were within 15% of the mean. Standard curve:
SOD1: 0.04-30 ng/mL, SOD2: 0.03-25 ng/mL. Soluble
enzymes concentrations in plasma samples were determined
by comparing the mean of duplicate samples with the stand-
ard curve for each assay.

15-F2t-isoprostanes

The isoprostanes are prostaglandin-like compounds formed
in vivo from the free radical-catalyzed peroxidation of essen-
tial fatty acids. Isoprostanes in urine were measured using
a commercial kit Enzyme Immunoassay for Urinary Iso-
prostane (Oxford Biomedical Research, Oxford, England), a
competitive enzyme-linked immunoassay (ELISA) for deter-
mining levels of 15-F2t-isoprostane (the best characterized
isoprostane) in urine samples. Urine samples are mixed with

an enhanced dilution buffer that essentially eliminates inter-
ference due to non-specific binding. The 15-F2t-isoprostane
in the samples or standards competes with 15-F2t-isopros-
tane conjugated to horseradish peroxidase (HRP) for bind-
ing to a polyclonal antibody specific for 15-F2t-isoprostane
coated on the microplate. The HRP activity results in colour
development when substrate is added, with the intensity of
the colour proportional to the amount of 15-F2t-isoprostane-
HRP bound and inversely proportional to the amount of
unconjugated 15-F2t-isoprostane in the samples or stand-
ards. Plate was read spectrophotometrically (Bio-tek, Ver-
mont, USA) at 450 nm.

Total antioxidant status (TAS)

To determine plasma TAS levels, peripheral blood was
placed in pre-cooled test tubes on the examination day.
Plasma was immediately separated in refrigerated centrifuge
aliquoted and stored at —20 °C until further use. Freshly
thawed batches of plasma were analysed using TAS Randox
kit (Randox laboratories, Ltd, Crumlin, UK). Results were
expressed in mM of Trolox equivalents. The reference range
for human blood plasma is given by the manufacturer as
1.30-1.77 mmol/L. The linearity of calibration extends to
2.5 mmol/L of Trolox. Measurements in duplicate were used
to determine intra-assay variability.

Cortisol and melatonin

Cortisol and melatonin were determined in plasma using the
HNCSMAG-35K Milliplex MAP Human Circadian/Stress
Magnetic Bead Panel (Millipore Corporation, Missouri,
USA), following the specifications of the manufacturer. Plate
was read on LABScan 100 analyzer (Luminex Corporation,
Texas, USA) with xPONENT software for data acquisition.
Standard curve: cortisol: 686-500,000 pg/mL; melatonin:
3.4-2500 pg/mL. Analytes concentrations in plasma sam-
ples were determined by comparing the mean of duplicate
samples with the standard curve for each assay.

8-Hydroxy-2'-deoxyguanosine (8-OHdG)

8-OHdG is an oxidized nucleoside of DNA, widely used as
a biomarker for DNA oxidative damage. 8-OHdG in plasma
was measured using a commercial kit (8OHdG Check, Japan
Institute for the Control of Aging, Shizuoka, Japan) which is
a competitive in vitro enzyme-linked immunosorbent assay
(ELISA) for quantitative detection of the oxidative DNA
adduct 8-OHdG. To separate interfering substances, filtra-
tion of serum using an ultra filter (cut off molecular weight
10,000) was done. Results were read at 450 nm on a micro-
plate reader (Bio-tek,Vermont, USA).
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Alkaline single cell gel electrophoresis (Comet assay)

For comet measurements, a small amount of blood sample
(100 pLL) was obtained fresh by digital puncture. Among the
available genotoxicity tests, comet assay is recognized due to
their robustness sensitivity and statistical power to evaluate
DNA breaks. DNA instability (strand breaks) was measured
in isolated lymphocytes, according to the method previously
described [15]. Briefly, isolated lymphocytes were embed-
ded in agarose and lysed to produce nucleoids which were
electrophoresed in a 260-mm-wide horizontal electropho-
resis tank (Consort, Parklaan, Belgium) at 25 V for 30 min
at a temperature of 4 °C. The slides were then washed three
times for 5 min each with 0.4 mol/L of Tris—HCI (Sigma
Diagnostics), pH 7.5, at 4 °C before staining with 20 pL.
of 4,6-diamidine-2-phenylindol dihydrochloride (DAPT)
(Sigma-Aldrich, St. Louis, MO, USA). DAPI-stained
nucleoids were scored using a Leica DMLS fluorescence
microscope (Leica Microsystems, Wetzlar, Germany using
computerized image analysis (Komet 3.0; Kinetic Imaging
Ltd, Liverpool, UK) and the percentage of fluorescence in
the comet tail was measured.

Inflammatory parameters

Epidermal growth factor (EGF), eotaxin, granulocyte col-
ony-stimulating factor (G-CSF), granulocyte-macrophage
colony-stimulating factor (GM-CSF), interferon (IFN)-a2,
IFN-y, interleukin (IL)-10, IL-12P40, IL-12P70, IL-13,
IL-15, IL-17A, IL-1RA, IL-1a, IL-14, IL-2, IL-3, IL-4,
IL-5, IL-6, IL-7, IL-8, interferon-inducible protein (IP)-
10, monocyte chemoattractant protein (MCP)-1, mac-
rophage inflammatory protein (MIP)-1a, MIP-1, tumour
necrosis factor (TNF)-a, TNF-f and vascular endothelial
growth factor (VEGF) were determined in plasma using the
HCYTMAG-60K-PX29 Milliplex MAP Human Cytokine/
Chemokine Magnetic Bead Panel (Millipore Corporation,
Missouri, USA), following the specifications of the manu-
facturer. Plate was read on LABScan 100 analyzer (Luminex
Corporation, Texas, USA) with xPONENT software for data
acquisition. Standard curve: 3.2-10,000 pg/mL. Cytokines

concentrations in plasma samples were determined by com-
paring the mean of duplicate samples with the standard
curve for each assay.

Statistical analysis

Data are reported as mean + standard error of the mean
(SEM). Statistical analyses were performed using the SPSS
software (version 24.0, 2016, SPSS Inc., Chicago, IL, USA).
Taking into account previous studies, in oxidative stress [3]
and inflammation [31] in CD patients, to obtain an asymp-
totic relative efficacy on the 90% power in the contrast of the
null hypothesis Ho: u1 =2, taking into account a level of
significance of 5% and assuming the averages and standard
deviations previously mentioned, it would be necessary to
include 33 subjects per group. If we consider a possible drop
out of 20%, the number would be a minimum of 40 indi-
viduals per group. The appropriate difference significance
tests, such as unpaired Student’s ¢ test for variables with
normal distribution and homogeneity of variance as well as
the Mann—Whitney U test for variables with non-normal dis-
tribution, were used to assess the differences between chil-
dren with CD and the controls. Differences were considered
significant at P <0.05.

Results

The anthropometric characteristics of subjects participat-
ing in the study are summarized in Table 1. There were no
statistically significant differences in the age, sex, weight,
height, mineral bone density or body fat between control
and celiac patients.

With regard to the oxidative stress-mediated antioxidants
(SOD1, SOD2, melatonin and TAS) and biomarkers related
to damage to the prostaglandins (15-F2t-isoprostanes), no
statistical differences were observed between control and
CD groups, nor in cortisol levels (Table 2).

No differences were found in DNA oxidation (meas-
ured through the quantification of to deoxyguanosine sites
(8-OHdG) (Fig. 1a) nor in DNA stability in lymphocytes

Table 2 Oxidative/antioxidant
biomarkers in control and celiac

Control group (n=40) Celiac group (n=40)

subjects receiving GFD SOD1 (pg/mL)

SOD2 (pg/mL)
15-F2t-isoprostanes (pg/mL)
TAS (mmol/L)

Melatonin (ug/mL)

Cortisol (ug/mL)

52.52+1.62 52.77+1.37
61.03+5.04 57.25+3.05
8.99+0.25 9.03+0.26
1.69+0.06 1.57+0.05
639.88+110.44 477.02+97.71
49.55+6.14 53.33+40.25

Data are shown as the mean values + SEM

SOD1 superoxide dismutase 1, SOD2 superoxide dismutase 2, TAS total antioxidant status
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Fig. 1 DNA stability parameters in control and celiac subjects receiv-
ing GFD. a 8-OHdG 8-hydroxy-2'-deoxyguanosine (8-OHdG, ng/
mL); b tail DNA (%)

of peripheral blood (Tail DNA, Fig. 1b), revealing that
oxidative stress is not present in the celiac group follow-
ing a GFD.

Pro- and anti-inflammatory cytokines are shown in
Table 3. IL-1 o, TNF-a, TNF-, IFN-y, IL-12, IL-18 and
G-CSF, GM-CSF and IP-10 are well characterized as pro-
inflammatory cytokines whereas IL4, IL-10, IL-13 and
IFN-a 2 are recognized as anti-inflammatory cytokines.
We point out that this classification is far too simplistic and
a given cytokine may behave as a pro- as well as an anti-
inflammatory cytokine. Indeed, the cytokine amount, the
nature of the activating signal and the timing are parameters
which greatly influence cytokine properties. No differences

Table 3 Inflammatory signaling in control and celiac subjects receiv-
ing GFD

Control group (n=40) Celiac group (n=40)

EFG (pg/mL) 18.67+1.52 20.77+1.82
Eotaxin (pg/mL) 79.83+3.91 96.63 +4.66%*
G-CSF (pg/mL) 50.35+5.98 57.47+5.98
GM-CSF (pg/mL) 12.95+1.54 15.22+1.94
IFN-a 2 (pg/mL) 134.19+9.77 130.94 +7.98
IFN-y (pg/mL) 34.18 £2.38 51.01 +3.51%
IL-10 (pg/mL) 12.02+1.43 14.90+1.72
IL-12P40 (pg/mL) 38.34+4.45 38.91+3.83
IL-12P70 (pg/mL) 8.77+0.94 9.67+0.82
IL-13 (pg/mL) 45.19+15.65 50.49+12.05
IL-15 (pg/mL) 5.71+0.63 6.17+0.78
IL-17A (pg/mL) 9.75+3.45 9.49+1.55
IL-1ra (pg/mL) 47.86 +£4.08 51.71+3.69
IL-1a (pg/mL) 31.05+2.76 42,23 +235%%%
IL-1B (pg/mL) 4.82+0.46 4.95+0.50
IL-2 (pg/mL) 3.29+0.37 3.67+0.38
IL-3 (pg/mL) 9.66+0.95 9.10+0.84
IL-4 (pg/mL) 25.49+3.72 2376 +4.32
IL-5 (pg/mL) 3.17+0.52 3.98+0.60
IL-6 (pg/mL) 15.20 +4.64 17.05+3.67
IL-7 (pg/mL) 21.00+1.66 19.90+1.38
IL-8 (pg/mL) 7.65+1.22 8.06+0.90
1P-10 (pg/mL) 505.17+21.19 599.33 +£20.99%*
MCP-1 (pg/mL) 312.57+17.02 357.03+23.18
MIP-1o (pg/mL) 6.40+0.62 7534095
MIP-1p (pg/mL) 28.58 +1.59 31.94+1.51
TNF-a (pg/mL) 23.79+1.10 26.27+1.71
TNF-f (pg/mL) 18.29+2.94 28.42 £2.78%*
VEGF (pg/mL) 81.32+6.70 98.95+8.37*

Data are shown as the mean values + SEM

EGF endothelial growth factor, G-CSF granulocyte/colony stimulat-
ing factor, GM-CSF granulocyte/macrophage colony stimulating fac-
tor, IFN interferon,, IL interleukin, /P interferon-inducible protein,
MCP monocyte chemoattractant protein, 7NF tumour necrosis factor,
VEGF vascular endothelial growth factor

*Significantly different from the control group (P <0.05, Student’s ¢
test)

** Significantly different from the control group (P <0.01, Student’s
1 test)

***Significantly different from the control group (P<0.001, Stu-
dent’s ¢ test)

were found in most of the biomarkers studied; however,
eotaxin (P <0.01), IFN-y (P<0.001), IL-1a (P <0.001),
IP-10 (P<0.01), TNF-B (P <0.01) and VEGF (P <0.05)
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were higher in the celiac group compared to the control
group.

Discussion

Several studies have shown that oxidative stress is one of
the major mechanisms involved in the pathology of many
diseases, including a number of gastrointestinal ones [16].
Particularly, some gliadin peptides are able to penetrate the
cells, accumulate into the lysosomes and lead to the activa-
tion of transduction pathways, increasing reactive oxygen
species (ROS) levels [17]. Furthermore, the impairment
of redox equilibrium induces severe damage in proteins,
lipids and DNA. Gluten exposure results in an intracellular
oxidative imbalance, characterized by increased levels of
lipid peroxidation products [18]. Finally, ROS can induce
the formation of oxidative DNA lesion products (8-OHdG),
single or double-strand breaks, mutations and chromosome
abnormalities [19]. Therefore, it is clear that ROS have a
key role in the pathogenesis of CD; in fact, CD patients fea-
ture a severe reduction of antioxidant capacity (including
antioxidant vitamins) [20]. On the other hand, the results
of the current study have demonstrated that the compliance
with GFD in the CD patients could help, at least partially,
to reduce the levels of gliadin and, therefore, reducing the
amount of ROS production in the gut. This phenomenon,
together with the TAS and levels of SOD1 and SOD2, which
are similar to the control group, explain the protection of
the GFD, which reduces the levels of free radicals, leading
to cell integrity. This mechanism is linked to the reduction
of peroxides and free radicals that damage different cell
components, including proteins, lipids and DNA, avoiding
the formation of a large number of pyrimidine and purine
lesions in the DNA [21]. The expression of 8-OHdG and
15-Ft isoprostanes in the CD group, also similar to their
counterpart controls, suggests that oxidative stress is not
present due to the compliance to the GFD. Furthermore,
some CD patients may also experience psychological and
emotional stress caused by everyday implications of GFD
due to social, economical and other reasons [11]; however,
in the current study, no differences were found in cortisol,
nor in melatonin, facts that could explain the absence of dif-
ference in the antioxidant status.

It is known that ROS signaling can enhance the synthesis
of inflammatory mediators such as TNF-a and IL-1 [22],
which, in our study are increased in the CD group. How-
ever, in our case, the synthesis of these pro-inflammatory
mediators was not mediated by oxidative stress, because as
previously mentioned, oxidative stress is not present due to
the compliance to the GFD. Data available about apoptosis
in patients with CD are conflicting, but increased apoptotic
cell death of intestinal epithelial cells has been reported in

@ Springer

untreated CD, as detected by DNA damage in small intesti-
nal biopsies; however apoptosis and DNA damage returned
to normal in patients treated with GFD [23], as occurs in the
current study, therefore, we can assume that the source of the
deleterious pro-inflammatory cytokines was the remaining
inflamed mucosa and duodenal villous atrophy.

Patients with CD show an autoimmune reaction to glia-
din. The glutamines in gliadin are converted to glutamic acid
by tissue transglutaminase. Hereupon, antigen-presenting
cells present these gliadin peptides on to gluten-specific
CD4+ T cells in the lamina propria [24]. This step induces
a strong inflammatory response resulting in small intestinal
enteropathy [25]. Interestingly, although no intraepithelial
T cells are gluten-specific [26], CD is associated with pro-
found changes in intraepithelial T cells function, resulting
in increased cytotoxic effect or function and increased pro-
inflammatory state [27]. In addition, histological studies
have suggested a change in intraepithelial T cells distribu-
tion in patients with CD. In CD, an increase in number and
villi from the junction of the crypts was observed (resulting
in an increase in number of intraepithelial T cells towards
the villous tips) [28, 29] and this occurs even before disease
symptoms appear. Taking into account the results of the cur-
rent study, it seems that these changes in intraepithelial T
cells are maintained, at least in part even after adhering to
a GFD, because IFN-y, IL-1a, IP-10 and TNF-p are still
elevated in the CD patients compared with the counterpart
controls. This can be explained because even after recov-
ery of normal villous structure, duodenal lymphocytosis
can persist for > 10 years [30], therefore, keeping a pro-
inflammatory state. After the recovery of normal villous
structure, intraepithelial T cells remain elevated [31], which
might contribute to re-establishing epithelial homeostasis
[32]. Thus, although a clear pathogenic role exists for this
pro-inflammatory state, the increase in intraepithelial T cells
and the cytokines released might have an important role in
epithelial repair. In addition, it has also been reported that
patients with CD on GFD, showed the persistence of duode-
nal damage despite clinical improvement and evident decline
in celiac antibodies [33].

One of the key cytokines in the development and pathol-
ogy of CD is IFN-y, which has been reported to be elevated
in CD and was also found to correlate with tissue damage
[34]. A balance between T cell types may be important for
maintaining a healthy adaptive immune system. There are
reports on an imbalance between the helper T cells Th1 and
Th2 in CD [26]. The Thl response is characterized by a
high secretion of IFN-y, which results in T-cell activation
and intestinal tissue damage [34]. Nilsen et al. [35] also
studied the gluten specific T cells and found them to pro-
duce large amounts of IFN-y. In the current study, IFN-y
remains elevated even though the CD patients follow a strict
GFD, revealing a close connection with immune system
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impairment [36] and tissue damage [34], indicating once
more, that in spite of the compliance of a strict GFD, the
mucosa remains damaged and duodenal villous atrophy is
still present.

Interestingly, a gap has emerged between the clinical
and mucosal recovery, since when re-biopsing treated CD
patients, only half of them had healed mucosa, despite the
negativity of celiac antibodies [37, 38], reason that also
could explain the persistence of some pro-inflammatory
cytokines in the celiac group compared with their counter-
part controls in the current study. Following the GFD, the
clinical symptoms and mucosal architecture usually improve
very quickly in some patients [39], while in a mixed popula-
tion, the recovery of duodenal mucosa assessed by histology
requires longer time to heal [40]. These previous observa-
tions are in agreement with the results of our study because
some pro-inflammatory cytokines persisted despite the dis-
appearance of specific antibodies due to the compliance of
the GFD for 2 years.

Finally, VEGEF is the master regulator of vascular growth
both in development and disease and, upon expression as a
single factor, is capable of initiating the cascade of events
leading from endothelial activation to the generation of new
functional and stable vascular networks, inducing the growth
of new blood vessels from pre-existing ones, is a process that
can be targeted to restore blood supply to ischemic tissues
[41], therefore, the increase of this soluble factor in the CD
group could be a compensatory mechanism to restore the
damaged mucosa and duodenal villous atrophy.

Conclusion

The results of the current study demonstrate that the compli-
ance with GFD for 2 years in the CD patients is enough to
reduce the amount of ROS production demonstrating that it
has a beneficial effect on the molecules and biologic media-
tors of oxidative stress. However, in the case of the inflam-
matory signaling, the autoimmune reaction in the mucosa
induces a strong inflammatory response which is maintained,
at least in part even after consuming GFD, because IFN-y,
IL-1a, IP-10 and TNF- are still elevated in the CD patients
compared with the counterpart controls. On the other hand,
the increase in VEGF recorded in the CD group could be a
compensatory mechanism to restore the damaged mucosa
and duodenal villous atrophy, due to its role in endothelial
activation and generation of new functional and stable vas-
cular networks restoring blood supply to ischemic villi.
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