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Abstract

Celiac disease (CD) is a common heritable immune related disorder where chronic inflammation 
of the small intestine is induced by the ingestion of gluten. The immune response leads to the 
inflammation and flattening of intestinal mucosa due to the damaged villi and thus results in 
defects in the absorption of nutrients. This defect can affect any organ or body system and expose
to the risk of lifelong complications such as cancer, autoimmune diseases and other complex 
diseases. Now a day, celiac disease is becoming one of the well-studied models of complex 
disorders. 

The PI3K- FOX signaling pathway is activated by many regulators and growth factors and plays
a key role in cell cycle. Two components of this pathway, INSR and FOX, play crucial roles in 
diverse aspects of embryogenesis from the initial tissue genesis up to organ formation. INSR and 
FOX take part in development, differentiation, proliferation, apoptosis and stress resistance as 
well as metabolism. SNP´s could affect the expression of neighboring genes. These SNP´s are 
shown to be as eQTLs, genomic loci that regulate the expression of genes. The aim of this study 
was to detect and quantitate the expression of INSR and certain FOX genes in celiac disease.

Quantitative real time PCR (QPCR) was used to analyze the expression of INSR, FOXO1, 
FOXO4 and FOXD3 genes in 38 celiac cases and 50 control samples. Three reference genes 
ACTB, EPCAM and PGK1 were tested for their expression stability and their average was used in 
the normalization procedure. Gene expression results were analyzed using the ΔCt method. The 
expression of INSR, FOXO1, FOXO4 and FOXD3 were described as their fold change in CD 
compared to normal non-celiac mucosa. Our results indicated that FOXO4 and INSR were 
expressed less by 0.60 fold and FOXO1 was expressed less by 0.23 fold in CD samples. The 
results are preliminary and further studies will be needed to confirm if these findings are a result 
of the intestinal inflammation in CD or if these genes are partly driving the disease itself.
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Introduction

Autoimmune diseases are a diverse group of chronic disorders in which the immune system 

attacks one’s own cells and tissues. There are more than 80 immune related disorders, at least 

one for almost every organ in the body (Spritz, 2010). Celiac disease (CD) is an autoimmune 

disorder in which the body's own immune system causes the damage, and an auto antibody,

against tissue transglutaminase (tTG) enzyme is produced. CD is becoming one of the most

known model for the study of immune related disorders or complex diseases due to its well 

understood involvement of histocompatibility complex, immune response (innate/adaptive), 

co-morbidity with other diseases and its triggering environmental factor (Hrdlickova, 2011). 

CD is also known as coeliac disease, nontropical sprue, celiac sprue, gluten intolerant 

enteropathy, or gluten sensitive enteropathy (Chang & Allison, 2009). It is a common 

heritable chronic inflammatory condition of the small intestine triggered by the ingestion of 

gluten-containing grains such as dietary wheat, rye and barley, and possibly other unidentified 

environmental factors in susceptible individuals (Patrick Dubois & et al, 2010). Gluten is a

water insoluble composite of proteins of glutenin and gliadin (in wheat) secalin (in rye) and 

hordein (in barley) (Sarah, 2012). In CD, the inflamation is believed to be due to autoimmune 

disorder involving modification of the antigenic presentation of gluten in small intestine of 

genetically predisposed individuals, expressing the major histocompatiblity haplotypes HLA-

DQ2/8. HLA-DQ2/8 is the main known genetic factor in celiac disease, which contributes to a 

pro-inflammatory T helper 1 (Th1) response against gluten. These gluten specific cluster of 

differentiation 4 (CD4+ T) cells, which situate on the surface of immune cells, are the 

hallmark of the disease, and may be responsible for the development of the disease 

(Hrdlickova  et al., 2011). In  predisposed individuals, the enzyme tTG binds to wheat gluten 

to form deaminated gluten which potentiates the uptake of  and presentation by antigen-

presenting cells in the lamina propria and triggering a vigerous T-cell response leading 

production of IgG and IgA antibodies directed to wheat gluten peptides. The immune system 

response in CD also involves the production of antibodies, immunoglobulin A and G (IgA 

and IgG) directed against tTG enzyme normally present in the small intestine. CD can be 

diagnosed by measuring the tTG IgA in the blood, screening the patients’ blood for AGA 
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(antigladin) and EmA (endomysium antibodies) as well as intestinal biopsy in the area of 

lamina propia.

The central role of the T cells in causing tissue inflammation is a common feature of celiac 

disease. The immune response leads to the inflammation and flattening of intestinal mucosa 

due to damaged villi. This causes in malabsorption of nutrients. Diarrhoea, steatorrhea, weight 

loss and fatigue are among the most common symptoms of the disease. This disorder is more 

commonly found in European than in African or Asian population, the exact incidence of the 

disease is uncertain and it may be discovered at any age, from infancy through adulthood. The 

only treatment for CD is to adhere on 100% gluten free diet throughout one’s life (Adams,

1995).

The spectrum of the symptoms, the inflammation and malabsorption, can affect any organ 

or body system. In most cases CD is silent on clinical ground hence it remains undiagnosed 

and thus CD patients expose to the risk of lifelong complications, such as osteoporosis, 

infertility, autoimmune diseases and cancer (Fasano & Catassi, 2001).

A single gene does not cause complex or multifactorial diseases like CD; rather they are 

determined by the dysfunctional interaction of multiple genes with environmental factors.

Complex diseases are expected to be caused by tens of hundreds of loci, many of which may 

have an impact on the expression of nearby genes. Many of the causal risk variants may be 

common and difficult to recognize (Hrdlickova, 2011). Despite the fact that there is no clear 

etiology of autoimmune diseases, they share certain similarity at their molecular level. Many

of these diseases show association to genes that are located in the same region of the 

chromosome known as shared (or common) susceptibility regions. Moreover, this has led to 

the “common cause” hypothesis (Karopka, 2007). 

Different approaches have introduced to identify genes that are involved in CD pathogenesis 

by focusing on candidate genes and their differential expression analyses. Applications of new 

methodologies on polygenic and multifactorial diseases are contributing to the analysis of 

susceptible loci. This has permitted more global approaches including GWAS (genome wide 

association study) (Spritz, 2010). GWAS have paved the way towards the identification of 

genetic basis of common complex diseases by identifying the involved genes and their 

pathways. The main objective of GWAS is to analyse common genetic variations, SNPs

(single nucleotide polymorphism) or CNVs (copy number variants), in the genome using 

haplotype structure in collaboration with the HapMap project and 1000 Genome projects.
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Already more than 1150 genetic loci (2165 SNPs) have been associated to 159 complex 

diseases, some of which are CD specific. About 50% of these disease-associated SNPs are 

shown to represent eQTLs (Expression Quantitative Traits Loci). eQTLs are genomic loci that 

regulate expression of genes at mRNAs or protein levels. There is a big speculation that, these 

SNPs-neighbouring genes could provide new therapeutic targets (Hrdlickova, 2011).

Resent GWAS have identified new CD-related genes and pathways that are also replicated in

other autoimmune diseases, (including type1diabetes, rheumatoid arthritis, systemic lupus 

erythematosus, ulcerative colitis and psoriasis) (Hrdlickova et al).

In our previous GWAS, we identified SNP rs4930144 in chromosome 11p15.5 as one of the 

most significant SNPs contributed to CD. This SNP lies very close to the INS-IGF2 locus.

INS-IGF2 gene takes part in a number of major pathways that regulate nutrient sensing and 

energy homeostasis, i.e. the insulin pathway and the Foxo transcription factor pathway.

Why we study signaling pathways?

A large number of diseases are caused by signaling pathway defects. The defect could be 

either due to pathogenic organisms and viruses, where they interfere with pathways, or other 

internal causative factors that can be traced to defects in the function of cell signaling 

pathways. Most of the complex diseases seem to arise from subtle phenotypic modification of 

the pathway that alters the behavior of cells to lose their normal function where it leads to 

disease. In contrast to phenotypic modification, genotypic modification is a result of somatic 

or germline mutations and it is easier to some extent to diagnose comparing to phenotypic 

modifications (Berridge, Michael J., 2009). Because of the need of understanding complex 

diseases, intensive studies has been directed towards the molecular signaling pathways in 

order to have a broad and complete understanding of the functional and non-functional genes

for the sake of diagnosis and effective treatment.

Many recent studies show that, dysfunction of insulin signaling pathway is also a risk factor 

for some immune related and other complex diseases including cancer, hypertension and 

cardiovascular disease (Guttmann, the hormone insulin, 2006). Although the major insulin 

target tissues in mammals are liver, adipose tissue, and skeletal muscle; insulin receptors (IRs) 

have also been found in brain, heart, kidney, pulmonary alveoli, pancreatic acini, placenta 
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vascular endothelium, monocytes, granulocytes, erythrocytes and fibroblasts. This indicates 

that IRs are not restricted only to insulin main known target tissues but they may be 

functionally linked to other multiple systems as long as IRs have both metabolic and non-

metabolic effects (Migliardi, 2011).

A study from the National Cancer Institute suggested that high levels of insulin might be 

linked to the development of pancreatic cancer. The researchers found that those men with 

higher levels of insulin were more likely to develop pancreatic cancer (Rachael Z. 

Stolzenberg-Solomon, 2005). Endometrial cancer has long been associated with obesity which 

in turn has a close association with high levels of insulin (hyperinsulemia) which is caused by 

insulin resistance (Soliman PT et al, 2006). In another land mark study from Brown 

University it was shown that insulin may be expressed in the brain as well as in the pancreas. 

They observed that brain insulin disappears early and dramatically in Alzheimer’s disease. 

And many of the unexplained features of Alzheimer’s, such as cell death and tangles in the 

brain, appear to be linked to abnormalities in insulin signaling in the brain (Rachel A. Whitmer 

et al, 2009).

Insulin signaling pathway

The survival of Living organisms depends on the availability of nutritional abundances and 

limitations. At the time of nutritional limitation, growth is slowed and it restored back in 

presence of nutrition. Here, complex mechanisms (most of them are still unknown) have

evolved to allow cells to regulate metabolism and growth by responding the availability of 

nutrients. Insulin/IGF (insulin growth factor) and its receptor are adapted for this task.

Generally IGF, a polypeptide hormone, acts to reduce extracellular levels of glucose in the 

response to nutritional stimuli by interacting with various cell membranes in a complex

manner. IGF also affects diverse processes in cellular growth, differentiation and apoptosis in 

addition to the synthesis and break down of lipid and protein (Jeffrey & Alan, 2000).

IGFs act on cells to stimulate glucose, protein and lipid metabolism in addition to RNA and 

DNA synthesis by modifying the activity of a variety enzymes and transport processes (Kahn 

& Morris, 1988). IGFs mediate cell signaling by activating the insulin receptor (IGFR), a 

member of the ligand-activated receptor and tyrosine kinase family of transmembrane 
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signaling proteins. These proteins are important regulators of cell differentiation, growth, and 

metabolism (Lee & Paul, 1994). 

IGF signaling is meditated by cascades of phosphorylation and dephosphorylation events.

Although the signaling mechanisms involved in the various biological responses to the ligand 

are unknown because of their complex networks of signaling inputs, there are few well 

studied pathways that shed light. The activated kinase transduces the insulin signal by

activating different pathways such as; the Ras-Raf-MEK-ERK, the PI3K-PDK-AKT (which

will be discussed below), the c-Cbl-Glut4, the PI3K-Rab4-Glut4, and the PI3K-Rac-MEKK1-

MKK4 pathways (Conrad, 2008).

PI3K-Akt signaling pathway is one of the most important signaling pathways which play a 

key role in cell cycle. This pathway is responsive to trophic factors, metabolic signals, and 

environmental stress in addition to its regulation of cell growth, differentiation and survival. 

The phosphatidylinositol 3-kinase (PI3k) signaling path way is a common signaling 

transduction cascade that exists in all types of cellular physiological activities. This signaling 

pathway can be activated by many regulators and growth factors (Zhang & Francois, 2012). 

It initiates with stimulation of PI3K by, e.g. IGF, which acts on membrane 

phosphatidylinositol (PI) to generate phospholipids second messengers (-Ptdlns (3,4,5)P3-) 

and Ptdlns (3,4)P2. These messengers trigger the activation of complex protein kinase 

network and recruits Pyruvate dehydrogenase kinase isozyme 1 (PDK1) which is responsible 

for basic cellular processes. And PDK1 is crucial for activation of Akt/PKB (protein kinase 

B). 

PDK1 is a master of all protein kinases and a key central component of many pathways. It

activates/phosphorylates most of the AGC kinase family (Protein kinase A, protein kinase B 

and protein kinase C) upon its transduction of signal from (I/IGFs) to several other AGC-

groups of kinases such as Akt, SGK, PKC and RSK members. The AGC family includes a 

total of 60 kinases and many of these enzymes take part in cellular growth, proliferation and 

survival (Knight, 2011).

The activated AKT/PKB phosphorylates several downstream proteins. such as; the forkhead 

transcription factors of the FOX family, GSK3- and tuberous sclerosis1 and 2 that involved in 

insulin dependent cellular responses, in order to regulate the growth of the cell, survival and 

protein synthesis (Mitsuo Kato et al, 2006) .
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Figure1 : Akt/PKB activates several substrates in the Ptdlns 3-kinase signaling pathway (Berridge, 
module 2)

FOXO transcription factors

Forkhead transcription factors belong to a super family of proteins that get its name after the 

founding member of the entire family which was originally identified as a gene in Drosophila

melanogaster. A mutation in this gene results in the development of a forkhead-like structure

(Huang & J.Tindall, 2007). Until now there are more than 100 structurally related forkhead 

transcriptional factors which have been identified. These proteins share a conserved 100-

residue DNA- binding domain called Forkhead box or FOX/ (FKH) domain. FOX 

transcription factors are also called winged helix transcription factors after structural analyzes

by x-ray crystallography. The analysis of protein reveals that the structure of the DNA-

binding domain contains three α helices flanked by two characteristic loops that resemble 

butterfly wings ( Clark and et al., 1993). This protein family of mammals is the orthologs of 

Caenorhabditis elegans DAF-16 and it comprises more than hundred members in humans

(Horst & Boudewijin, 2007).

The classification of FOX proteins (from FOXA to FOXS) is based according to their 

sequence of similarities. They are named with letters and numbers for easy identification.
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While the letters inform to which sub-family they belong, the number indicates the sub of sub 

families. Ex. FOXO1, FOXD3, FOXP2.

Table 1: Lists of FOXD and FOXO sub families and their chromosomal position (HGNC).  Fox´s which 
are marked in bold  are target genes in this study. 

Symbol Name Synonyms Chromosome
FOXD1 Forkhead box D1 FREAC4 5q12-q13

FOXD2 Forkhead box D2 FREAC9 1p34-p32

FOXD3 Forkhead box D3 Genesis, HFH2 1p31.3

FOXD4 Forkhead box D4 FREAC5, FOXD4a 9p24.3

FOXO1 Forkhead box O1 FKH1 13q14.1

FOXO3 Forkhead box O3 AF6p21,FOXO2 6q21

FOXO4 Forkhead box O4 AFX1 Xq13.1

FOXO6 Forkhead box O6 1p34

FOX genes play crucial roles in diverse aspects from the initial time of tissue genesis up to 

organ formation by providing instructions to proteins synthesis in development, 

differentiation, proliferation, apoptosis, and stress resistance as well as metabolism (Carlsson

& Mahlapuu, 2002). Mutation of FOX genes can lead to dysregulation of cellular function 

and tumor formation by modulating the expression of regulatory genes, where they regulate 

signaling pathways, integration points and pathological processes.

Table 2: The dysfunction or mutation of FOX`s genes lead to different phenotypic symptoms in 
humans (Ordan J. Lehmann, 2003). FOX´s that are marked in bold are target genes in this study.

Gene Chromosomal position Cause of mutation

FOXC1 6p25 Axenfeld-Reinder syndrome& glaucoma iris hypoplasia
FOXC2 16q24.3 Lymphoedema-Diestichiasis
FOXE1 9q22 Thyroid agenesis, cleft palate, choanal atresia, spiky hair
FOXE3 1p32 Ocular anterior segment anomalies and cataract
FOXL2 3q23 Premature ovarian failure and BPES
FOXN1 17q11-q12 Immunodeficiency, alopecia, nail dystrophy
FOXO1 13q14 Rhabdomyosarcoma
FOXO4 Xq13 Xq13   X-linked severe combined immunodeficiency (SCID)
FOXP2 7q31 Speech and language disorder
FOXP3 Xp11.23 Neonatal diabetes, enteropathy and endocrinopathy

In mammals, the class O of forkhead box transcription factors (FoxO) consists of four 

members: FOXO1, FOXO3, FOXO4 and FOXO6 (Horst & Boudewijin, 2007).
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Mammalian FOX protein which belongs to the group called FoxO proteins are the most 

diverged subfamily. This divergence happens because of their sequential difference within 

their DNA-binding domains (Huang H. et al., 2007). Beginning from the time of their 

identifications, FOXO sub families have received attention because of their influential roles

in; reactive oxygen species (ROS) detoxifications, cell cycle progression, apoptosis, cell size,

DNA repair, glucose metabolism and vascular homeostasis. Many medical researchers are 

focusing on FOX genes as therapeutic targets (Xiao-Feng Yang, 2009).

          

Figure 2 : PI3K-Akt-FOXO signaling pathway and the role of different target genes that are regulated 
by FOXO genes (Carter & Anne).

AIM

The aim of this study was to detect and quantitate the expression of INSR and FOX genes in 

Celiac disease in order to study whether these genes, are involved in this disease.
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Materials and Methods

Studied subjects

Each and every study groups, where the samples come from, have proper documentation files 

according to their names, identification number or date of birth, gender, status and other 

clinically relevant data such as accession number and specimen number, date of specimen 

collection, date of receipt, date of report, family history and pertinent clinical history. This 

was conducted in accordance and ethics with regional ethics committee in Gothenburg. 

Intestinal biopsies and blood samples, of children with celiac disease and non-celiac patients 

were obtained from four different children hospitals: Malmö University Hospital, Karoliniska 

hospital in Stockholm, Södersjukhuset in Stockholm and Sahlgrenska university hospital in 

Gothenburg. The patients were classified as cases if the IgA or IgG levels of tissue 

transglutaminase antibodies (TG2) were above the set threshold of 4 units (using radiobinding 

assay). 

Sample preparation and RNA extraction

Sample preparation

Small intestinal biopsies from 88 children with TG2 status were prepared. Of the 88 samples, 

38 were classified as celiac cases and 50 were used as controls. Samples from each individual 

was placed in RNA later (a RNA stabilizing reagent AMBION, Texas, USA), and stored at   -

70 °C in order to protect from RNA degradation.

One biopsy from each 88 samples were used for RNA extraction and placed in QIAzol lysis 

reagent (QIAGEN, Hilden, Germany).

RNA extraction

Total RNA was extracted using TissueLyser system and miRNeasy Mini Kit (QIAGEN, 

Hilden, Germany) according to the manufacturer’s instructions and protocols. Total RNA was

eluted into 30-50µl RNase-free water. The quality of RNA (concentration) from each sample 

was verified by A260/A280 ratio with NanoDropTM ND-1000 spectrophotometer (NanoDrop 
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Technologies, USA). Samples were normalized to 170ng/µl. Hence, dilutions were done to 

those 48 samples which had a concentration above 170ng/µl. The remaining 40 samples had 

concentrations ranging from 150ng/µl up to 170ng/µl. The samples were placed immediately 

at -70°C for further usage.

Reverse Transcription

Single stranded (SS) complementary DNA (cDNA) were synthesized from the stored RNA 

through the reverse transcriptase SuperScript® VILO™ cDNA Synthesis Kit (Invitrogen, 

USA) according to manufacturer’s protocol. Four PCR stripe tubes for each sample were 

provided (one for the experiment and the rest three tubes for archiving). RNA of 2500ng, 

which equals to 14 µl RNA of 170ng/µl, was used. The experimental tubes were incubated in 

Gen Amp PCR system at 25°C for 10 minutes and at 42°C for 60 minutes before the reaction 

were terminated at 85°C for 5 minutes.  Diluted and undiluted cDNA were stored directly in -

20°C until it was used for QPCR.

Pilot study and QPCR

Experimental setup design was tested in addition to a feasible study that was conducted to 

evaluate the appropriate concentration of cDNA and the efficiency of the QPCR assays in 

order to use in the planned experiment. In the experimental setup the primer mix was 

evaporated in the reaction plate. To reduce the technical variation of cDNA volume, cDNA 

was mixed with 2X mastermix and water. 10 TaqMan® Gene Expression Assays (Applied 

Biosystems, USA) of which 4 candidate target genes and 6 housekeeper reference genes were 

evaluated at four concentrations (10ng/µl, 2ng/µl, 0.4ng/µl, and 0.08ng/µl). The

Innovadyne™ NanoDrop™ (IDEX Health and science LLC) and the BioMek Fx (Beckman 

Coulter, USA) pipetting robots were used to dispense primers and mastermix in the reaction 

plate. A total reaction volume of 2µl in triplicates was run on ABI PRISM 7900 (Applied 

Biosystems, USA) QPCR machine.

Initial denaturation at 95°C for 5 min; 40 cycles of denaturation at 95°C for 30s; annealing at 

58°C for 30s, and elongation at 72°C for 40s.
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Data Analysis and Statistics

Several excel based statistical software tools together with mathematical formulas were used 
to analyze the data from the QPCR experiment. According to flowing:

•SDS version 2.4 and RQ manager 1.2.1 were used to analyze the raw data.

•Efficiency of the assays was assumed ~100%.

• Ct values were identified using a threshold value of 0.02 and the Ct replicates with a value 
of more than 0.5 were omitted as outliers.

•Ct value of each samples were calculated by arithmetic mean. Samples with undetectable 
expression were set to 40 (Ct=40).

•The reference genes were validated by plotting the Ct value of the reference genes against 
each other so that it could calculate as the geometric mean of the three reference genes 
(gNorm V < 0.15).

GeNorm module of qbasePLUS v2.1 (Biogazelle, Belgium) was used to determine the most 
stable reference genes (average gNorm M ≤ 0.5).

•Relative quantification was calculated by ΔΔCt method (RQ= 2-ΔΔCt).

•SPSS 19.0 statistical software (SPSS Inc, Chicago, IL, USA) was used to perform the 
classical Non-parametric tests i.e. t-test (independent-samples) by determining the 
significance assessments between case and control groups.

•P values < 0.05 were considered as statistically significant.

•The results were expressed as fold change (Fold change = ln RQ).

•The graphs were plotted using R script version 2.15.0.
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Results and discussion

To ensure correct normalization of the expression levels for our genes of interest, the stability 

of reference genes were statistically determined using gNorm. Three reference genes that 

showed optimal reliability were selected. The optimal number of reference targets in our 

study was confirmed by V< 0.15 when comparing a normalization factor based on three most 

stable references. The reference genes stability was chosen by average gNorm Module M≤ 

0.5. All six reference genes were retained in the calculation of the normalization factor. 

GeNorm classified ACTB, EPCAM and PGK1 as the three best reference genes (Table 3). 

Hence, our Q-PCR data was calculated using the average of these three best and stable 

reference genes without including additional references in the analysis. 

                                                   Back ground fluorescence                        Ct=21        Ct=22   Ct=24                                                                                                                                                 

Fig3. A graph that shows the PCR amplification plots for target genes and reference genes. Increase 
in fluorescence emission is plotted against the cycle number.

Table3. The average ΔCt values of three most best and stable reference genes in normal controls and 

celiac disease.

Reference genes Mean Δ Ct value of control Mean Δ Ct value of CD

ACTB 22.05045224 21.62693302

EPCAM 22.44438684 22.35069313

PGK1 24.25776298 24.00417017
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Figure4. A graph plotted by Fold change to explain the expression level of FOXO1, FOXO4, FOXD3
and INSR genes between celiac patients (CD) and non-celiac controls. Statistical significance values.
(P values) are shown at the top of each plot. For each group, the horizontal line corresponds to the 
mean value of expression level.
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Data analysis from the tables (Table3&4) and graph (figure 4) indicated that, there was

expression of target genes; FOXO1, FOXO4, FOXD3 and INSR in both celiac disease and 

normal non-celiac subjects. Yet, their expression level differed significantly. In this study,

where the expression level of genes were plotted in fold change, all target genes were 

expressed significantly different between cases and controls except one gene, FOXD3, which 

was expressed non-significantly.

FOXO1 expressed by 0.23 fold less in CD comparing to control with a P- value of 0.03.  
FOXO4 expressed by 0.60 fold less in CD than in control with a P-value of 2E-05. Similar to 
FOXO4, INSR were expressed in CD by 0.60 fold less in celiac than control with a P-value of
1E-06. Contrary to the above three target genes that expressed less comparing to their 
controls, FOXD3 did not show any difference in the expression between cases and controls 
with a P- value of 0.93, which is insignificant.

Table4.  Summary table indicates the mean fold change of target genes in normal controls and celiac 
diseases and the difference between them with their significance values.

Gene P-value Mean Fold change 

control

Mean Fold change 

CD

Difference in Fold 

change

FOXO1 3E-02 1 0.77 -0.23

FOXO4 2E-05 1 0.40 -0.60

FOXD3 9.3E-01 1 1 0

INSR 1E-06 1 0.40 -0.60

From the yielded data it was deducted that, there were differences in the expression level 

between groups (control and CD). These differences ranged between the lowest 23%

(FOXO1) in fold change up to the highest 60% (for FOXO4 and INSR) in fold change. 

FOXO4 and INSR genes retained the highest difference in their expression level by 60% of 

fold change between the normal controls and CD while FOXO1 retained the smallest 

difference in its expression level by 23% in fold change. All the target genes except FOXD3

seem upregulated. However it is better to put in consideration that the expression profiles 

could be affected due to the study design, sample collection methods or sensitivity and 

specificity of the plate form used in the study.
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Conclusion

In the present study, the expression of FOXO1, FOXO4, FOXD3 and INSR genes was 

demonstrated by QPCR method. This work constituted a task to investigate the presence of 

target genes and their relative amount in the biopsies of human small intestine from CD 

patients. It was stressed the importance of further studies to clarify the physiological and 

pathological role and regulation of INSR and certain FOX´s in human small intestine. This 

work constitutes a task to investigate the presence of target genes and their relative amount in

the biopsies of human small intestine.

In QPCR method, TaqMan assays allowed to determine the relative amount of difference in 

expression. For this purpose it was decided to test and validate TaqMan probe QPCR assay 

based on the relative quantification of FOXO1, FOXO4, FOXD3 and INSR genes. Relative

quantification is based on the expression levels of one or more target genes versus one or 

more reference genes and it is suitable to investigate physiological changes in gene expression 

level (Spinsanti & et.al., 2008). In QPCR study, the normalization procedure should be taken 

in account and the importance of the choice of the most stable expressed reference genes 

should be put in consideration. Hence, it was decided to validate six reference genes from the 

samples. After checking the PCR reproducibility and amplification efficiency, the stability of 

the selected control genes was analyzed by geNorm software. ACTB, EPCAM and PGK1

were classified as optimal controls and showed almost stable expression in human intestinal 

tissues.

In the study, the QPCR technique using TaqMan assays allowed to determine the relative 

amount of difference in mRNA expression from human intestinal biopsies between celiac

disease and normal non-celiac subjects. Based from these preliminary results the gene/genes 

could be indicators to intestinal inflammation or may have influence in the immune response

and might cause inflammatory processes together with environmental factors in the 

predisposed susceptible patients.  In addition it is important to put in consideration that the 

association of polymorphisms (SNP´s) with in these genes may provide a potential role in the 

inflammation process of the disease.

The results are preliminary and in depth analysis of the results is beyond the scope of this 

study. However further studies will be needed to confirm if these findings are a result of the 

intestinal inflammation in CD patients or if these genes are partly driving the disease itself.
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