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Abstract 
Celiac disease (CD) is an autoimmune condition characterized by a speci fic serological and 
histological profile triggered by gluten ingestion in genetically predisposed individuals. Celiac 
disease (CD) is  the most common autoimmune gastrointestinal disease, affecting nearly 1% of the 
world population. There are currently no US Food and Drug Administration (FDA)–approved 
treatments, other than a gluten-free diet (GFD). Chemokines have been widely related to  
autoimmunity and inflammation, due to their key role in the sel ective recruitment of leukocytes. 
CX3CL1 can be found as a membrane-attached protein acting as  an adhesion molecule, or as  a 
soluble protein with chemotactic properties. To study the prevalence and clinical signi ficance of 
CX3CL1 expression and its associ ation with clinicopathological  features  of Celiac disease (CD) in  
Tobruk-Libya. The study group included 29 selected cases of Celiac disease, diagnosed at Pathology 
department of Tobruk Medical Center, Libya, between 2016 and 2019. All patients were underwent  
upper gastrointestinal endoscopy with biopsy intake. Other clinicopathological data (gender, age, 
intestinal and extra-intestinal manifestations) were extract ed from medical files. All cases are stained 
with Hematoxylin and eosin stains and immunohistochemistry for CX3CL1. The details of 29 
patients selected for analyses are as follows. The mean age of the patients at time of endoscopy 
biopsy was 111 months (range, 6–216 months, 18 years) with peak age between 6 and 24 months, 
and 8 were (27.6%) males and 21 (72.4%) were females. 25 cases of the Celiac disease presented by 
intestinal manifestations (86.2%) and 4 cases presented by extra-intestinal manifestations (13.8%). 
Immunohistochemical analysis of CX3CL1 expression was shown in all cases. 27 Celiac disease 
tissue biopsies (93.1%) showed negative CX3CL1 staining (score 0), while 2 biopsies showed 
positive CX3CL1 immunostaining 1+ and 2+. Total number of cases which demonstrated 
overexpression of 2+/3+ were 24 (16.9%). CX3CL1 can be used as diagnostic marker useful for 
Celiac disease (CD). Further larger researches are compulsory to validate CX3CL1 as an alternative 
therapeutic target in Celiac disease. 
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Introduction 
Celiac disease (CD) is an autoimmune disease 
characterized by a specific serological and 
histological profile triggered by the ingestion of 
gluten in genetically predisposed children. Gluten 
is the general term for alcohol-soluble proteins  
 

 
present in various cereals, including wheat, rye, 
barley, spelt, and kamut [1]. 
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Current guidelines for the management of CD 
specify lifelong adherence to a strict gluten-free 
diet [2,3]. For most of the children with celiac 
disease, strict avoidance of gluten is the only 
treatment proven to produce clinical, serologic, 
and histologic improvement [4,5]. 
Celiac disease (CD) is the most common 
autoimmune gastrointestinal disease, affecting 
∼1% of the world population. There are currently 
no US Food and Drug Administration (FDA)–
approved treatments, other than a gluten-free diet 
(GFD) [6]. 
The current diagnosis is based on demonstrating 
the enteropathy in small intestinal biopsies where 
histologic examination shows villous atrophy, 
crypt hyperplasia, and intraepithelial 
lymphocytosis, and the presence of circulating 
Celiac disease-specific antibodies to tissue 
transglutaminase (tTG), deamidated gliadin 
peptides (DGP), and endomysium (EMA) [7]. 
The clinical manifestation is broad and includes 
gastrointestinal disturbances, chronic fatigue, 
nutrient deficiencies, poor growth, and lastly 
failure to thrive Extra-intestinal manifestations are 
common, and while they were once considered 
more frequent in adults than children with CD, 
recent data suggests the frequency is similar in 
CD children, although the types and rates of 
recovery differ [8]. 
In children, extra-intestinal manifestations include 
anemia, short stature, delayed puberty, dental 
enamel hypoplasia, reduced bone density, oral 
ulcers, liver and biliary disease, and dermatitis 
herpetiformis. Poor growth and anemia appear to 
be the most common and there is a correlation 
with more severe histological damage at diagnosis 
compared to children with a gastrointestinal 
presentation or screen-detected cases [9]. 
Chemokines have been widely related to 
autoimmunity and inflammation, due to their main 
role in the selective recruitment of leukocytes. 
CX3CL1, also named fractalkine, constitutes a 
particular chemokine, which is the only member 
of a family that presents three amino acids 
between the first two cysteine residues in its 
primary structure. It is also remarkable that its 
mature form appears as a transmembrane protein 
that can be cleaved, resulting in a soluble form. 
Therefore, CX3CL1 can be found as a membrane-
attached protein acting as an adhesion molecule, 

or as a soluble protein with chemotactic properties 
[10,11]. Some authors have related these proteins 
to coeliac disease (CD) [12,13,14]. 
Due to increased incidence of Celiac disease in 
Tobruk, Libya, we were able to collect a cohort of 
29 Celiac disease patients with duodenal biopsies 
and follow up information. In this project we 
utilized this patient collection to investigate 
prevalence and clinical s ignif icance of CX3CL1 
expression in Celiac disease as It has not been 
thoroughly studied in Tobruk, Libya population. 
 Patients, Materials and Methods 
The present study is a retrospective study. 
The study group included 29 selected cases of 
Celiac disease, diagnosed at Pathology department 
of Tobruk Medical Center, Libya, between 2016 
and 2019. All patients were underwent upper 
gastrointestinal endoscopy with biopsy intake. 
The selection process was based on the 
histological criteria for diagnosis of Celiac 
disease. 
Other clinicopathological data (gender, age, 
intestinal and extra-intestinal manifestations) were 
extracted from medical files. 
Five tissue specimen of normal duodenal tissue 
were added in the study to compare CX3CL1 
expression. 
Processing Procedures: 
For each case, a representative paraffin-embedded 
tissue was chosen.  
The paraffin wax sections were cut at 4 microns 
and stained by: 
a. Hematoxylin and eosin stain for routine 
histopathological examination.  
b. Immunohistochemical staining by 
CX3CL1 monoclonal antibodies. 
Each case of Celiac disease was studied for 
histopathological diagnosis. 
Each section obtained from the blocks was placed 
on positive charge slides, dewaxed in xylene, 
rehydrated in consecutive descending 
concentrations of ethanol (100%, 90%, 80%, and 
70%), and rinsed in distillated water. 
For antigen retrieval, slides were placed in a 
plastic container filled with sufficient citrate 
buffer pH 6 and heated in a microwave oven at 
100ºC for three successive times, five minutes 
each. The amount of fluid in the container was 
checked and was added if necessary to prevent 
slides from drying out. 
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The slides were immersed in 3% hydrogen 
peroxide for 10 minutes to block endogenous 
peroxidase, and incubated with the primary 
antibody for CX3CL1 (rabbit monoclonal, 
Thermo Scientific), at 1:100 dilution, overnight, at 
40C. Chromogen application by using DAB (3,3-
diaminobenzidine tetrahydrochloride). The 
counterstaining of the sections was done with 
Mayer’s Hematoxylin. Fibroblasts, known to 
express CX3CL1, were used as the positive 
control in order to verify the accuracy of the 
technique. 
CX3CL1 immunostaining reactions were 
recognized as homogenous cytoplasmic 
expression. 
Briefly, Celiac disease were categorized into four 
groups based on intensity score (0, 1+, 2+, 3+). 
Intensity score 1+, 2+ and 3+ was taken as 
positive 
Statistical Analysis: 
- The collected data were coded then 
entered and analyzed using the SPSS version 22 
(Statistical package for social science). 
- Descriptive statistics was done for 
categorical variables by frequency and percentage, 
and for numerical variables in the form of mean 
and standard deviation (mean ± SD).  
- Suitable statistical tests of significance 
were used: 
• Chi-Square (χ2) test for categorical data 
- P-values equal to or less than 0.05 were 
considered statistically significant. 
Results and Discussion 
Clinicopathological Features 
The details of 29 patients selected for analyses are 
as follows. The mean age of the patients at time of 
endoscopy biopsy was 111 months (range, 6–216 
months, 18 years) with peak age 24 cases (82.8%) 
between 6 and 24 months, and 8 were (27.6%) 
males and 21 (72.4%) were females, female: male 
(2.6:1). 25 cases of the Celiac disease presented 
by intestinal manifestations (86.2%) and 4 cases 
presented by extra-intestinal manifestations 
(13.8%). 
CX3CL1 expression 
Immunohistochemical analysis of CX3CL1 
expression was shown in all cases. 27 Celiac 
disease tissue biopsies (93.1%) showed negative 
CX3CL1 staining (score 0), while 2 biopsies 
showed positive CX3CL1 immunostaining 1+ and 

2+. Total number of cases which demonstrated 
overexpression of 2+/3+ were 24 (16.9%) (Figure 
1). 
Immunohistochemical analysis of CX3CL1 
expression was positive in normal duodenal 
epithelial cells. 

  

  

  
Fig. 1: A- Celiac disease (H&E 40x), B- Negative 
CX3CL1 expression in Celiac disease (CX3CL1 
40x), C- Positive CX3CL1 expression in Celiac 
disease (1+) (CX3CL1 100x), D- Positive 
CX3CL1 expression in Celiac disease (2+) 
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(CX3CL1 100x), E- Normal duodenal epithelium 
(H&E 40x), and F- Positive CX3CL1 expression 
in normal duodenal epithelium (3+) (CX3CL1 
100x),. 
Correlations between CX3CL1 expression and 
clinicopathological features 
Univariate analysis revealed no significant 
correlation between CX3CL1 expression 
(negative versus positive) and age, gender as well 
as intestinal and extra-intestinal manifestations 
(Table 1). 

Table 1: Relationship between CX3CL1 
expression and clinicopathological 

characteristics 

Clinicopathologic
al characteristics 

CX3CL1 
expression Chi-

square 
test 

Negativ
e 
27 

Positiv
e 
2 

Age at time of endoscopy biopsy (median) 
< 111 months (20 
cases) 

19 
(95%) 

1 (5%) 

P=0.54
8 ≥ 111 months (9 

cases) 
8 
(88.9%) 

1 
(11.1%
) 

Gender 
Males (8 cases) 7 

(87.5%) 
1 
(12.5%
) P=0.46

2 Females (21 cases) 20 
(95.2%) 

1 
(4.8%) 

Presented manifestations 
Intestinal (25 
cases) 

24 
(96%) 

1 (4%) 
P=0.12
4 Extra-Intestinal (4 

cases) 
3 (75%) 1 

(25%) 
p-value <0.05 was considered to be statistically 
significant. 
 
The CX3CL1–CX3CR1 axis has been related to 
numerous diseases, including several autoimmune 
disorders [15,16,17]. It has even been proposed as 
a potential biomarker and therapeutic target 
[18,19,20]. Therefore, we investigated the 
possible role of CX3CL1 in Celiac disease. 
Females predominated was clear in the present 
study with the male-female-male ratio of (2.6:1). 
This was similar to the gender ratio ranging from 
(2 :1) (2.8: 1)as reported by two studies Hin H., et 
al. [21] and Gujral N., et al. [22] respectively, and 

also agreed with Singh P., et al. that said the 
female to male ratio (2.2:1) [23]. 
Our study shows that 82.8% of cases diagnosed as 
celiac disease occur in between 6 months and 24 
months of life which consider as the peak age of 
incidence; this comes into agreement with 
Walker-Smith JA., et al. [24] Catassi C., et al. 
[25] and Dieterich W., et al. [26] that conducts 
studies showing almost same finding with peak 
age of diagnosis of celiac disease in children from 
6 to 24 months. 
Intestinal manifestation (86.2%) more commonly 
begins to appear weeks to a few months after the 
weaning has been started while extraintestinal 
manifestation (13.8%) appears later on which are 
concomitant with the study conducted by 
Dieterich W., et al. [26] that shows the same 
result. 
The clinicopathological characteristics and 
CX3CL1 expression relationship in our results 
shows no significant association with age, gender, 
or intestinal and extra-intestinal manifestations. 
We have observed CX3CL1 expression in 
epithelial and endothelial cells in the small 
intestine. An important finding is the occasional 
presence of CX3CL1 in the duodenal epithelium 
of Celiac disease patients. Further studies on wide 
scale is needed for confirmation our results, but 
our results introduce new method for Celiac 
disease diagnosis. 
Immunohistochemistry is widely used in clinical 
diagnosis, and duodenal biopsies are required 
when testing for Celiac disease in adults and in 
children with uncertain diagnosis. Therefore, 
CX3CL1 is considered a possible method that can 
diagnose Celiac disease without additional 
sampling. 
Epithelial cells have been described as the source 
of soluble CX3CL1 and the other studied 
chemokines [13,27,28], which would create a 
gradient to direct lymphocyte migration to the 
intestinal mucosa. 
Lack of CX3CL1 in the epithelium of Celiac 
disease patients could be caused by its cleavage 
into the soluble form, which may be hard to 
distinguish by immunohistochemistry, and it 
would then act as a chemoattractant [29]. 
Role of CX3CL1 is recruiting inflammatory cells 
to the target tissue and initiating and propagating 
inflammation and disease. In this respect, its 
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potential use as a biomarker and therapeutic target 
has been studied under numerous conditions [29]. 
Unfortunately, there is no much studies to discuss 
with these results. 
Limitations of the study 
Our study has some limitations. First, a small 
sample size was used to identify the value of 
CX3CL1 expression in Celiac disease because of 
the short study period. Second, there are no 
established criteria to describe the degree of 
CX3CL1 staining. Third, there is no follow-up of 
the patients, and this study is designed and 
performed recently. 
Conclusion: 
Our results shows the potential of CX3CL1 
involvement in appearance and progression of 
Celiac disease, and it appears to be a potential 
diagnostic biomarker. 
Definitely, we are attentive that further, larger 
researches are compulsory to validate CX3CL1 as 
an alternative therapeutic target in Celiac disease. 
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