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INTRODUCTION

As a multicomponent and 
immune-mediated intestinal 
disorder, celiac disease (CD) 
has a wide spectrum of clinical 
manifestations. It has been well 
understood that the ingestion 
of gluten, mainly found in 
wheat, rye, and barley, is the 
main external trigger of CD in 
predisposed individuals [1]. To 
date, the diagnosis of CD [2] is 
based on serological tests such 
as anti-tissue transglutaminase 
(tTG) antibodies and anti-
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ABSTRACT

Background & Aims: There is increasing evidence regarding elevated serum levels of inflammatory cytokines 
in patients with celiac disease (CD), but little is known about their levels in patients with non-celiac gluten 
sensitivity (NCGS). The aim of this study was to evaluate the serum levels of inflammatory cytokines in Iranian 
patients with CD and NCGS and to compare them with those of healthy individuals.
Methods: A total of 110 treated CD, 15 with NCGS, and 46 healthy subjects were enrolled during 2016. Serum 
levels of IL-1, IL-6, IL-8, IL-15 and IFN-γ were measured using ELISA, and compared between groups. The 
correlation of the severity of mucosal damage and clinical symptoms with serum levels of cytokines was also 
assessed.
Results: The mean serum levels of IFN-γ (p = 0.04) and IL-6 (p = 0.007) were significantly different between 
the patients in the CD and control groups, and IL-8 was significantly higher in the CD group compared 
with patients in the NCGS group (p = 0.04). Statistically significant correlations were observed between the 
serum levels of IFN-γ and abortion (p = 0.01), IL-1 and weight loss (p = 0.043) and infertility (p = 0.0001) 
in CD patients, and between IFN-γ and abortion (p = 0.01) and infertility (p = 0.01) in the NCGS patients. 
Moreover, no significant relationship was observed between the severity of mucosal damage and the serum 
level of the studied cytokines.
Conclusions: Inflammatory cytokines are implicated in the pathogenesis of CD, and their serum levels might 
help to identify a diagnostic marker to differentiate CD from NCGS. However, further studies with a larger 
sample size are recommended.
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endomysial antibodies (EMA), confirmed by the endoscopy 
and pathological assessments of small intestine biopsy [3]. 
In CD, both T helper cell type 1 (Th1) and T helper cell type 
2 (Th2) have been reported to be elevated [4]. It has been 
well established that CD results from an unwanted T-cell-
mediated autoimmune reaction. In this reaction, when the 
modified gliadin-derived peptides are presented through 
human leukocyte antigen (HLA) molecules DQ2 and DQ8 to 
CD4+ T helper cells, resulting from the enzymatic activity of 
tissue tTG, T cells and B lymphocytes get activated, producing 
anti-gluten and anti-tTG antibodies in lamina propria, which 
inevitably leads to the activation of autoreactive Th cells 
[5]. The activation of these autoreactive Th cells leads to the 
release of proinflammatory cytokines, which in turn activate 
intraepithelial lymphocytes, thus triggering histological 
alterations of the small intestinal mucosa. Cytokines involved 
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in the pathogenesis of CD [6] affect T cells and other 
immune-related factors involved in both the suppression and 
enhancement of the immune-mediated responses [7]. Previous 
studies have also demonstrated the role of T cell activation in the 
small intestinal mucosa, promoting interferon-gamma (IFN-γ) 
producing Th1 cells in the active form of CD [8]. Furthermore, 
interleukin (IL)-15 induces the activity of innate cells, and 
the intraepithelial infiltration by these innate cells leads to 
the secretion of high amounts of a great variety of cytokines, 
including IFN-γ [9]. As an inseparable part of inflammation, 
the role of IL-1β has also been proposed in mediating mucosal 
damage [10]. Increased levels of this cytokine stimulate the 
excessive expression of matrix metalloproteinases (MMPs; 
mainly MMP-1 and MMP-3), resulting in the degradation 
of extracellular matrix components, thus contributing to 
architectural abnormalities [11].

Similar to CD, non-celiac gluten sensitivity (NCGS) as 
a condition, mainly associated with the ingestion of foods 
containing rye, barley, and wheat, can manifest various 
subjective symptoms, including abdominal pain, numbness 
in extremities, headache, and fatigue, as well as more 
severe neurological symptoms such as cerebellar ataxia and 
schizophrenia [12]. Despite designated Salerno criteria for 
the confirmation of NCGS [13], the exact definition for NCGS 
remains a controversial issue, and many symptoms in patients 
without CD and wheat allergy in response to gluten-free diet 
(GFD) have been considered to be associated with NCGS. At 
present, there are no specific diagnostic markers for NCGS. 
The exclusion of CD by a negative CD serological marker 
and normal histology, as well as normal specific IgE for the 
exclusion of wheat allergy, is possible but may not be indicative 
of NCGS [14, 15]. Of the above-mentioned factors, HLA genes 
have been proposed to provide the strongest genetic risk for 
CD, but not for NCGS, because the majority of CD patients 
have been shown to carry genes encoding HLA-DQ2 and/or 
HLA-DQ8, but a positive or negative HLA may not confirm 
or rule out NCGS [16, 17].

After the ingestion of gluten, both innate and adaptive 
immunity are activated in CD. In NCGS, only the innate 
immunity is proposed to be activated [18]. Therefore, 
proinflammatory cytokines/chemokines such as IL-1β, 
IL-6, IL-8, IFN-γ, IL-2, and IL-15 may be engaged in the 
pathogenesis of NCGS.

Two decades ago, studies were focused on CD cytokine 
profiles of duodenal and jejunal biopsy samples, at the local 
level of small intestinal mucosa, using immunohistochemical 
methods [19]. Few studies have assessed the serum levels of 
cytokines using enzyme-linked immunosorbent assay (ELISA) 
at the systematic level [20] and found increased levels of IL-
2, IL-18, and IFN-γ in patients with active CD. Increased 
expression levels of IFN-γ, IL-2, IL-4, and IL-10 mRNA using 
reverse transcription polymerase chain reaction (RT-PCR) 
in patients with active CD have also been reported [21]. 
Moreover, the increased production of tumor necrosis factor 
(TNF)-α and IL-8 has also been reported, being stimulated by 
gliadin peptides [22]. In fact, because both CD and NCGS are 
associated with inflammatory immune responses [18] and are 
triggered by the ingestion of gluten, it seems to be necessary 
to compare inflammatory cytokines between patients with 

CD and NCGS for a better understanding of the systemic 
involvement of inflammatory responses in both diseases and 
for a possible distinguishing diagnosis tool for NCGS.

Some studies suggested that in patients with active CD, 
the level of these cytokines might normalize after starting 
the GFD, but the level of these cytokines in the treated CD as 
well as NCGS patients has not been investigated [19-22]. In 
this study, serum levels of IL-6, IL-1, IL-15, IL8, and IFN-γ 
were evaluated in CD and NCGS patients, in comparison with 
healthy subjects. The correlations between the serum levels of 
these cytokines and the demographic data of enrolled subjects, 
as well as the mode of some related clinical presentations 
were assessed.

METHODS

Study population and ethical considerations
This study was conducted in 2016 at the Research Institute 

for Gastroenterology and Liver Diseases, a referral center for 
CD in Tehran, Iran. At the department of CD, serum samples 
of 110 CD patients on GFD for 1 year were collected. The 
patients had been previously diagnosed following positive 
EMA and/or TGA, and with histological abnormalities grades 
2 and 3 according to the Marsh classification [23]. Their 
gastrointestinal (GI) and extra-GI symptoms at the moment 
of diagnosis were collected. Matched subjects without any GI 
and non-GI disorders were referred for a routine checkup and 
served as the control group.

Among 200 patients with symptoms suggestive of CD, 
but negative for both specific biomarkers (anti-tTG and/or 
anti-EMA antibodies), NCGS was diagnosed in 15 cases. 
These enrolled patients responded to GFD for 6 weeks and 
their symptoms returned after gluten challenge. Patients with 
CD presenting with any symptoms (GI and extra-GI) despite 
1-year GFD and those with a history of any other autoimmune 
disorders such as inflammatory bowel disease (IBD) and type 
1 diabetes were excluded. Written informed consents were 
obtained from all included subjects, and all procedures were 
approved by the Medical Ethics Committee of the Research 
Institute for Gastroenterology and Liver Diseases, Shahid 
Beheshti University of Medical Sciences, Tehran, Iran.

Collection of data and samples
Overall, 10 cc peripheral blood was collected from 110 CD 

patients, 15 patients with NCGS, and 46 healthy subjects from 
January to December 2016. Sera were isolated and stored at 
−80°C before testing. Demographic and clinical information of 
all participants was collected using a standard questionnaire.

Immunology assay
Serum levels of cytokines including IL-1, IL-6, IL-8, IL-15, 

and IFN-γ were measured using the commercial ELISA kits 
(all from eBioscience indirect sandwich ELISA kit), according 
to the manufacturer’s instructions.

HLA typing
DQ2/DQ8 haplotypes were determined using real-time 

PCR based on the SYBR-Green method as described previously 
by the authors [7].
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Statistical analysis
Differences between the mean values of height and weight, 

as well as age differences, among the studied groups  were 
evaluated using the Student t test. The distribution of gender 
proportion among groups and the correlation between the CD 
manifestations and serum levels of cytokines were performed 
using the Fisher exact test and analysis of variance (ANOVA) 
test, respectively. The Tukey multiple comparison test was 
performed to analyze the difference between the experiment 
groups in any ANOVA test. IBM’s Statistical Product and 
Service Solutions, version 20, were used as a statistical analysis 
tool in this study. A p value of less than 0.05 was considered 
statistically significant.

RESULTS

Mean age of the 110 patients with CD, 38 males (34.5%), 
was 33.6 years. Mean age of the 15 NCGS patients, 7 males 
(46.7%) was 38.7 years. Mean age of the 46 healthy individuals, 
20 males (43.4%) and 26 females (56.6%), was 38.8 years.

According to the demographic data, there was no 
statistically significant difference between the mean age of 
the studied groups, and the Fisher exact test confirmed no 
significant difference between the CD and NCGS groups based 
on gender (p = 0.397). Interestingly, statistically significant 
differences were observed in the heights and weights of the 
participants in the CD and NCGS groups. The results showed 
that the mean height for the CD group was 162.9 cm in contrast 
to 170.3 cm for the NCGS group (p=0.047). The mean weight 
for the CD group was 56.7 kg, significantly less than that of 
the NCGS group (56.7 vs. 67.3, p=0.015). The mean height of 
males was higher than that of females in all the study groups 
(male/female for CD, 172.24/156.81; for NCGS, 179/162.75; 
for control, 165.6/3/155.81). However, these differences were 

statistically significant for the CD and NCGS groups (p= 0.0001 
for both CD and NCGS groups).

The most prevalent symptoms of the CD group were 
bloating and abdominal pain (81.1%), while in the NCGS 
group, non-GI symptoms, including bone disease (66.7%) and 
neurological problems (56.2%) (Table I). Moreover, 97% of the 
CD group patients were carrying HLA-DQ2 and/or HLA-DQ8 
heterodimers, whereas only 26.6% of the NCGS group patients 
and 40% of healthy subjects were carrying DQ2 and/or DQ8 
heterodimers, respectively.

Serum levels of cytokines were evaluated in all the three 
study groups: CD, NCGS, and control. ELISA test results 

Table I. The frequency of GI, extra GI symptoms in CD and NCGS patients

Clinical Parameters CD Group 
N (%)

NCGS Group 
N (%)

p value 

Diarrhea 43 (39.1) 6 (40.0) 0.419

Bloating 90 (81.8) 10 (66.7) 0.193

Gas passing 70 (63.6) 10 (66.7) 0.443

Crumping 59 (53.6) 7 (46.7) 0.5

Weight loss 71 (64.5) 7 (46.7) 0.183

Nausea and vomiting 44 (40.0) 7 (46.7) 0.329

Anemia 60 (54.5) 5 (33.3) 0.125

Bone disease 53 (48.2) 10 (66.7) 0.177

Neurological symptoms 41 (37.3) 8(56.2) 0.183

Menstrual disorder 31 (28.1) 4 (26.7) 0.482

Infertility 5 (4.5) 1 (6.7) 0.667

Abortion 17 (15.5) 2 (13.3) 0.616

Aphtus 19 (30.2) 4 (26.7) 0.53

Skin disease 19 (17.3) 2 (13.3) 0.464

CD: Celiac disease; GI: gastrointestinal; NCGS:  Non-celiac gluten 
sensitivity

Fig. 1. Serum levels of inflammatory cytokines (IL-1, IL-15, IFN- γ and IL-8) and pro-inflammatory cytokine (IL-6) in CD, NCGS and 
control groups (Data are presented as mean values of group ±SD. Statistically significant differences were tested with one-way ANOVA 
and the Tukey‘s Multiple Comparison Test; *p<0.05).
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showed that the mean serum levels of IFN-γ (p = 0.04) and 
IL-6 (p = 0.007) were significantly different between the CD 
and control groups. It is noteworthy that the mean serum level 
of IL-8 was significantly higher in CD patients in comparison 
to the NCGS group (p = 0.041; Fig. 1).

Despite the higher mean serum levels of IL-1 in NCGS 
patients, as compared with patients with CD and healthy 
subjects, this difference was not statistically significant 
(p=0.943). Interestingly, although the higher mean serum levels 
of IL-15 in patients in the CD group (69.4 ± 137.9) as compared 
with patients in the NCGS (27.9 ± 61.1) and control (17.0 ± 
43.9) groups, these differences were not significantly different 
between the studied populations (p= 0.869).

Regarding the correlation between symptoms and 
investigated cytokine levels, statistically significant correlations 
were observed in the serum levels of IFN-γ with abortion 
(p = 0.01) and serum levels of IL-1 with weight loss (p = 
0.043) and infertility (p = 0.0001) in CD patients (Table II). 
Moreover, there was a statistically significant correlation 
between the serum levels of IFN-γ with abortion (p = 0.01) 

and infertility (p = 0.01) in NCGS patients. No statistically 
significant correlation was reported between the mode of any 
other clinical presentations and other studied cytokines in CD/
NCGS patients. On the other hand, there was no significant 
relationship between the severity of mucosal damage and the 
serum level of studied cytokines in CD patients (p= 0.41).

DISCUSSION

Our findings indicate that the inflammatory responses in CD 
may be characterized by the elevated levels of IFN-γ and IL-6, 
which can be considered as Th1- and Th2-derived cytokines, 
respectively [24]. Dienz and Rincon [24] showed that IL-6 can 
modulate the Th1/Th2 balance toward Th2. The important 
aspects of the proliferation and variation of IL-6 belong to 
the differentiation capacity of B lymphocytes to produce 
immunoglobulin and activate T cells [24]. Although elevations 
in certain cytokines are comparable between local gut mucosa 
and systematic serum levels, some disparities can be observed 
by non-intestinal sources. It has been well demonstrated that 

Table II. The correlations between studied cytokines and clinical symptoms in CD and NCGS patients.

p values*

Clinical parameters Groups IL-15 
(ng/mL)

IL-8 
(ng/mL)

IL-6 
(ng/mL)

IL-1 
(ng/mL)

IFN-γ 
(ng/mL)

Diarrhea CD 0.36 0.636 0.334 0.572 0.492

NCGS 0.46 0.371 0.715 0.207 0.382

Bloating CD 0.432 0.732 0.847 0.875 0.987

NCGS 0.482 0.604 0.415 0.241 0.521

Gas passing CD 0.441 0.589 0.611 0.771 0.665

NCGS 0.482 0.604 0.187 0.501 0.421

Crumping CD 0.418 0.545 0.603 0.4 0.13

NCGS 0.446 0.286 0.139 0.112 0.306

Weight loss CD 0.349 0.797 0.072 0.043 0.392

NCGS 0.449 0.359 0.254 0.787 0.426

Nausea and vomiting CD 0.455 0.456 0.405 0.623 0.234

NCGS 0.301 0.359 0.243 0.664 0.323

Anemia CD 0.448 0.302 0.398 0.525 0.699

NCGS 0.46 0.132 0.686 0.821 0.504

Bone disease CD 0.432 0.374 0.46 0.454 0.595

NCGS 0.46 0.398 0.584 0.159 0.204

Neurological symptoms CD 0.374 0.623 0.468 0.322 0.514

NCGS 0.449 0.448 0.434 0.464 0.425

Menstrual disorder CD 0.465 0.105 0.183 0.556 0.523

NCGS 0482 0.345 0.392 0.832 0.521

Infertility CD 0.25 0.657 0.595 0.000 0.145

NCGS 0.301 0.132 0.545 0.848 0.016

Abortion CD 0.25 0.144 0.733 0.7 0.01

NCGS 0.301 0.646 0.132 0.703 0.01

Aphtus CD 0.349 0.325 0.35 0.521 0.831

NCGS 0.489 0.256 0.884 0.201 0.521

Skin disease CD 0.746 0.451 0.972 0.15 0.608

NCGS 0.332 0.132 0.241 0.703 0.256

*p <0.05 was statistically significant; CD: Celiac disease; NCGS: non-celiac gluten sensitivity; NA: not available
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gliadin induces the production of proinflammatory cytokines 
that are involved in modulating the Th1/Th2 balance, which in 
turn enhances cell-mediated immunity [25]. On the other hand, 
Th2-derived cytokines essentially affect the humoral immune 
response and repress inflammatory responses [26]. The elevated 
serum levels of IFN-γ, IL-6, and IL-8, which have been shown 
to be high in the gut mucosa, suggest that CD induces secretion 
and systemic activation of these cytokines. As an important 
mediator of Th1 immune response, IFN-γ was constantly 
elevated in CD patients, and numerous studies have also 
suggested the coincidence of IFN-γ elevation in lamina propria 
with histological changes in the small intestine [27]. Elevated 
levels of IFN-γ in CD patients, even after 6 months of strict GFD, 
suggest that the remnant of intestinal epithelial abnormality 
keeps the indicated cytokine at a high level, whereas in the 
NCGS group, epithelial changes are more subtle; the low levels 
of serum IFN-γ in this group can be explained according to these 
phenomena. Many studies have shown that the investigation 
of villous atrophy in NCGS subjects was indicative of mucosal 
architectural abnormalities [28]. Abed et al. [29] evaluated the 
serum level of IFN-γ in 50 Iraqi patients with CD and 50 control 
patients and reported that the level of IFN-γ is significantly 
higher in the patients with CD than in the control patients, and 
the mean level of IFN-γ significantly decreased after 6 months of 
GFD. Manavalan et al. evaluated the serum levels of cytokines in 
patients with active CD, seropositive and seronegative patients 
on a GFD, refractory CD, and healthy subjects [18]. Their results 
showed that patients with active CD and seropositive patients 
on a GFD had significantly higher levels of IFN-γ compared 
with normal controls and other groups. In accordance with our 
findings, Di Sabatino et al. [28] recently showed that the serum 
and mRNA levels of IFN-γ were significantly higher in patients 
with untreated CD than in patients with treated CD, patients 
with self-reported NCGS, and controls. It was also confirmed 
that the IFN-γ levels in the duodenal mucosal tissue of the CD 
group patients were much higher than those of the patients in 
the control and NCGS groups [30]. Losurdo et al. [30] showed 
that of 89 patients with microscopic enteritis (ME) of different 
etiology, CD patients had the highest IFN-γ levels than other 
studied groups.

Similar to IFN-γ, IL-15 is also a proinflammatory 
cytokine and many studies were suggestive of its role in celiac 
pathogenesis. Previous studies have also shown the pivotal 
role of this cytokine in the pathogenesis of epithelial lesions 
[31]. An increased level of IL-15 was reported in the serum 
of patients with autoimmune disorders, such as IBD, systemic 
lupus erythematosus, type 1 diabetes, and rheumatoid arthritis 
[31-34]. Remarkably, the expression of IL-15 diverges between 
different types of CD such as active, potential, and patients 
undergoing GFD. A previous study confirmed that patients 
with active CD have increased levels of IL-15 in the small 
intestinal mucosa [28]. On the other hand, it was proposed [35] 
that the dysregulation of IL-15 expression in the epithelium of 
CD patients on a GFD was inadequate to induce villous atrophy. 
Di Sabatino et al. [28] also reported a significantly increased 
level of IL-15 in patients with untreated CD compared with 
those in other studied groups. Furthermore, Abed et al. [29] 
confirmed the significantly increased level of IL-15 in patients 
with untreated CD compared with those in the control group.

Contrary to the elevation of IL-15 in damaged mucosa, 
it seems that elevation in serum IL-15 is barely visible when 
comparing CD subjects with healthy controls. Moreover, no 
IL-15 elevation was observed in the NCGS group. Therefore, 
these results are indicative of the local elevation of IL-15 and 
suggestive of its involvement in the pathogenesis of gluten-
triggered complications.

Likewise, significant differences were not observed in the 
serum levels of IL-1α and IL-1β in all groups. It is possible that 
the variation observed in the serum levels of these cytokines 
might be due to the differences in their origins, structures, 
enzymes involved in the conversion of these two homologous 
cytokines into active peptides, and their circulating antagonist 
receptors [10]. Similar to our finding, Di Sabatino et al. [28] 
did not find a significant difference in the levels of IL-1β 
between the study populations. In contrast, Manavalan et al. 
[20] reported a significantly higher level of IL-1β in the NCGS 
group than in the control group.

IL-8, as a chemokine expressed in tissues with neutrophilic 
infiltration, engaging in inflammatory responses mediated by 
neutrophils [36], has shown a significant increase in the CD 
group, even years after the exclusion of gluten from the diet, as 
compared with the healthy control and NCGS groups. Contrary 
to the results of IL-8 in the CD group in this study, results of 
previous studies were indicative of a significant decrease in 
the serum level of IL-8 of dermatitis herpetiformis subjects 
after one year of GFD [37]. Similar to our study, a significantly 
higher amount of IL-8 was reported in patients with untreated 
CD compared with those in the NCGS, treated CD, and control 
groups [28]. The underlying cause of this phenomenon is yet to 
be discovered, but we believe that it may have resulted from the 
prolonged activation of proinflammatory responses in patients 
with CD in the small intestine.

As a pleiotropic cytokine, IL-6 can be produced by 
heterogeneous cell populations, including endothelial cells, 
fibroblasts, monocytes, B cells, T cells, keratinocytes, and 
limited number of tumors [38]. IL-6 participates in the immune 
regulation, inflammation, hematopoiesis, and oncogenesis, thus 
playing a pivotal role in the pathogenesis of inflammation-
related disorders [39]. Interestingly, results of the previous 
studies are indicative of a significant decrease in the serum levels 
of IL-6 after 6 months to 1 year of GFD [10, 40], contrary to 
the significant increase in the serum levels of IL-6 in patients in 
the CD group of our study despite 1 year of GFD. Di Sabatino 
et al. [28] and Manavalan et al. [20] confirmed that the level of 
IL-6 is higher in CD patients than in NCGS and control group 
patients, respectively. The serum levels of IL-6 in the patients in 
the NCGS group are lower because of the different pathogenesis 
of the disease [41]; in the NCGS group, IL-6 plays an important 
role only in the case of non-GI symptoms, when compared 
with the CD group, in which the serum level of IL-6 remains 
elevated because of the systemic involvement of inflammation.

Although the systemic involvement and inflammation 
cannot be measured by assays at this time, our results suggest 
different roles of certain cytokines, especially those of IL-6 and 
IL-8 in sustaining humoral responses. Increased levels of serum 
cytokines in patients with severe mucosal damage suggest a link 
between mucosal alteration and systemic immune activation in 
CD patients, more extensively than in NCGS patients.
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It is more likely that the systemic immune activation 
might be the cause of extra-GI manifestations of CD. A recent 
study proposed that the imbalance of Th1/Th2 cytokines is an 
important determinant in pregnancy maintenance as well as 
abortion [42]. Ma et al. [42] reported that IL-1β and IL-6 gene 
polymorphisms may be proposed as an important risk factor 
and protect factor, respectively, against the risk of recurrent 
abortion. This is in concordance with the results of this study, in 
which statistically significant correlations have been observed 
between the serum levels of IFN-γ and abortion in CD and 
NCGS groups (each p = 0.01 respectively) and serum levels of 
IFN-γ and infertility in NCGS patients (p = 0.01). A significant 
correlation was also observed between the serum levels of IL-1 
and weight loss (p = 0.043) and infertility (p = 0.0001) in CD 
patients. It is worth mentioning that the presence of IFN-γ and 
IL-1 receptors could lead to false low levels, and in turn, the 
simultaneous presence of other inflammatory processes may 
elevate levels of certain cytokines. However, the consistent 
elevation of certain cytokines, such as IFN-γ and IL-1, in CD 
patients may be indicative of the fact that these considerations 
do not affect our results substantially. The main limitation of 
this study was the difference in the number of people in the 
groups.

Our study showed that the mean serum levels of IFN-γ 
and IL-6 were significantly different between the CD and 
control groups. Comparing the profile of serum cytokines in 
CD patients, only IL-8 was significantly different in the NCGS 
group. Interestingly, the mentioned cytokines were significantly 
associated with different GI and extra-GI symptoms when we 
compared the CD and NCGS groups. Further studies should 
concentrate on determining immunological biomarkers to 
illustrate what is possibly dissimilar between the CD and 
NCGS groups and between the NCGS and healthy control 
groups. Furthermore, to find an effective biomarker for 
NCGS diagnosis [43], more studies investigating this aspect 
are essential.

CONCLUSION

The elevation in serum levels of IL-8 in CD subjects 
can potentially be used for differentiating NCGS from CD, 
and the evaluation of IL-1 is proposed as a distinguishing 
marker between the NCGS and control groups. A practical, 
comprehensive pattern of the cytokines involved in CD and 
NCGS not only provides an insight into the pathogenesis, 
symptoms, and clinical manifestations of CD, but it also leads 
to the development of better tools to monitor these disorders. 
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