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Abstract: (1) Background: We comprehensively evaluated the expression of therapeutically
targetable immune checkpoint molecules on celiac disease. We have focused on the alteration of the
CD200/CD200R pathway and Elafin expression in celiac disease and discussed their roles in
regulating the immune response. There are limited data related to the expression or function of
these molecules in celiac disease. This finding could significantly contribute to the understanding
of the clinical manifestation of celiac disease; (2) Methods: CD200, CD200R and Elafin distribution
was determined by ELISA and immunohistochemistry analyses in serum and biopsies of CD
patients. Analyses of Th1 and Th17 cytokines were determined. PCR amplification of a fragment of
the PI3 gene was carried out using genomic DNA isolated from whole blood samples of the study
subjects. Different aliquots of the PCR reaction product were subjected to RFLP analysis for SNP
genotyping and detection; (3) Results: We characterized the expression and function of the CD200-
CD200R axis and PI3 in celiac disease. A significantly higher level of soluble CD200, CD200R and
lower expression of PI3 in serum of CD patients was observed compared to healthy controls.
Consistent with our results, CD200 expression is regulated by IFN-gamma. Interaction of
CD200/CD200R leads to production of type Thl and Th17 cytokines. Regarding the PI3 genotype,
the CT genotype proportion SNP rs1733103 and the GG genotype SNP rs41282752, were
predominant in CD patients. SNP rs1733103 showed a significant association between the SNP
variables and CD; (4) Conclusions: In celiac disease the immune checkpoint is compromised or
dysregulated, which can contribute to inflammation and the autoimmunity process. The study of
these checkpoint points will led to the development of targeted therapies aimed at restoring
immunological balance in CD. Specific coding regions of the PI3 gene splice variants predispose the
Elafin protein, both at the transcriptional and post-translational levels, to modify its expression and
function, resulting in reduced differential functional protein levels in patients with active celiac
disease.
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1. Introduction

Celiac disease (CD) is an autoimmune condition that arises from gluten sensitivity in genetically
predisposed individuals [1-3]. It is a complex disorder in which genetic, environmental, and
immunological factors converge [4,5]. Tolerance to dietary antigens is linked to the activation of
regulatory T cells and the production of immunosuppressive cytokines, preventing inappropriate
responses from effector Th lymphocytes [6]. Gluten consumption by individuals with CD triggers a
sequence of inflammatory reactions that result in the characteristic small intestine lesions, leading to
partial or total atrophy of the intestinal villi and decreased nutrient absorption [7,8]. Additionally, it
activates CD4+ T cells and increases intraepithelial lymphocytes in the intestinal mucosa. Gluten-
derived epitopes typically contain multiple proline and glutamine residues that are selectively
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deamidated by tissue transglutaminase (TG2) [9-11]. These modified peptides can bind to HLA-
DQ2/DQ8, stimulating CD4+ T-helper 1 (Thl) cells in the lamina propria, which, upon recognizing
gluten peptides, produce proinflammatory cytokines, primarily interferon gamma (IFN-y) [12].
Hence, the pathogenic model in CD involves factors acting at both the epithelial and lamina propria
levels, including: i) incomplete digestion and trans-epithelial peptide transport, ii) the impact of
gluten on the epithelium, iii) proliferation and activation of intraepithelial lymphocytes (IELs), and
iv) recognition of gluten peptides by specific T lymphocytes with HLA-DQ2 restriction after
modification by tissue transglutaminase (TG2) [13,14].

Celiac disease, like other autoimmune diseases, is a polygenic disorder strongly associated with
HLA genes, particularly the CELIACI locus located on chromosome 6p21. In the majority of celiac
patients, it is present a variant of the HLA-DQ2 molecule, which is encoded by the DQA105 and
DQB102 alleles. Other patients carry DQ8 (DQA103, DQB10302) alleles, or some isolated alleles of
DQ2 [15,16]. These genes exhibit a dose effect mediated by peptide presentation, which is more
pronounced in HLA-DQ2 homozygotes. Interestingly, while approximately 25% of the population
carries DQ2, only 1% develops CD. These HLA-DQ molecules present deamidated gluten peptides
to CD4+ T cells [16]. Whole-genome studies have identified other regions containing susceptibility
genes, many of which are related to immune function and potentially shared with other chronic
immune-based diseases [17-19].

The immune system includes mechanisms that maintain homeostasis, including both activator
and inhibitory mechanisms. Immune checkpoints are pivotal in modulating the signaling pathways
responsible for immunological tolerance. In our research, we have identified alterations in signaling
related to the co-inhibitory PD-L1 and the immunosuppressive IDO in celiac disease patients [20-22].
We have provided the first evidence of elevated PD-L1 and IDO expression levels in celiac patients
on the surface of intestinal epithelial and lamina propria cells, resulting in increased kynurenine
levels in the serum of these patients [21,22].

Numerous studies have emphasized the importance of CD200 in controlling autoimmunity and
inflammation in diseases associated with heightened immune system activity [23]. The CD200
molecule and its receptor CD200R exert immunomodulatory effects, induce immune tolerance, and
regulate the differentiation, adhesion, and chemotaxis of various cell populations [24]. They also play
a crucial role in the release of mediators and cytokines. Through its receptor, CD200 regulates
macrophage function and controls alloimmune and autoimmune responses [25]. While CD200 and
CD200R share identical extracellular portions, they differ in their cytosolic COOH tails. CD200 lacks
the ability to transmit activation or inhibition signals in its minimal intracellular region, whereas
CD200R, upon binding, can downregulate the exaggerated activity of the immune system to protect
the organism from damage due to hyperactivity [26].

Elafin (peptidase inhibitor 3, PI3, and its biologically active precursor, pre-elafin) is a neutrophil
serine proteinase inhibitor with a crucial role in preventing excessive tissue injury during
inflammatory events [27]. Elafin is constitutively produced by the epithelium, with its expression
regulated by inflammatory stimuli such as proinflammatory cytokines (IL-1b, TNF-a), bacterial
lipopolysaccharides, and elastase [27]. Specifically, Elafin modulates colon inflammation and
possesses antiprotease, immunomodulatory, and antiproliferative activities. Elafin is a member of the
"trappin" gene family and features an amino-terminal transglutaminase substrate domain, identified
as a substrate for tissue transglutaminase TG-2 cross-linking [28,29]. TG2 plays a critical role in CD
pathogenesis by deamidating gluten peptides and increasing the binding affinity of HLA-DQ2 (DQ8)
molecules to these peptides [12].

Galipeau et al. [30] explored the role of Elafin in CD and its interaction with factors involved in
its pathogenesis using human small intestinal tissue and in vitro gliadin deamidation assays. They
observed a lower presence of the Elafin in patients with active CD, which reflects inflammation and
damage to the small intestinal epithelium. Furthermore, they reported an improvement in
inflammation and the restoration of the small intestinal epithelial barrier in a gluten-sensitive mouse
model treated with Elafin, describing Elafin as a molecule capable of interacting with gliadin peptides
and affecting TG-2, which is involved in their deamidation [30].
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Our study thoroughly evaluated the expression of targetable immune checkpoint molecules in
CD. Existing data on their expression or function in CD are limited. Our objective was to characterize
the expression and function of the CD200/CD200R axis and PI3 in CD, along with their correlation
with other immune checkpoints, such as IDO and PD1/PDL1. Our previous research has associated
these checkpoints with CD development. Additionally, our aim was to investigate whether the
interaction of CD200/CD200R reduces activation, proliferation, and Th17 cytokine production. We
hypothesized that specific coding regions of the PI3 gene splice variants might predispose the Elafin
protein to modify its expression and function, resulting in reduced functional protein levels in
patients with active CD compared to healthy individuals. These findings could significantly
contribute to understanding the clinical manifestation of CD.

2. Results

2.1. Diagnosis: serological, genetic, and histological analysis

Serological analyses revealed elevated levels of endomysial antibody (AEMA) and anti-
transglutaminase antibody (ATGA) in all included patients diagnosed with CD. None of the patients
exhibited IgA deficiency. All patients were confirmed to have active CD. Additionally, peripheral
blood samples were collected at the time of diagnosis confirmation, along with small-intestinal
mucosa biopsies.

Histological analysis was conducted based on the Marsh criteria (types I-IV). Intestinal biopsies
from CD patients exhibited typical indications of the disease, including villi with total or partial
atrophy and increased lymphocyte infiltration. Among the patients, 16% have Marsh III lesions
(partial or complete villi atrophy and crypt hypertrophy), 76% have Marsh IV hypoplasia (completely
flattened atrophied villi), and 8% have Marsh I lesions (only increased intraepithelial lymphocytes).

HLA genotype frequencies analysis showed that the most common allele among patients was
HLA-DQ2 (DQA10501, DQB10201) (76%). The DQ8 genotype (DQA1*03:01, 03:03-DQB103:02) was
present in 24% of CD patients.

2.2. CD200, CD200R and Elafin distribution in intestinal mucosa tissue from CD patients by
Immunohistochemistry

The diversity of cell types presents in intestinal samples makes it necessary to develop
immunohistochemical methods for of CD200, CD200R and Elafin detection to evaluate the cellular
source, which might provide an adequate interpretation of the results. To achieve this, an
immunohistochemistry technique was used. CD200 and CD200R were expressed in epithelial cells in
CD, with CD200 showing more intense reactivity compared to the receptor expression (Figures 1A
and 1C). In addition to epithelial expression, CD200, CD200R positive cells were also identified in the
lamina propria, resembling cells morphologically similar to lymphocytes. Within the Lieberkiihn
crypts, we found an intense CD200 expression located in the basal part facing the lumen of the crypts,
visible both on the cell membrane and as a secreted form within the cytoplasm of the cells (Figure
1B). Also, we found expression on the apical surface of the crypts.
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Figure 1. Inmunohistochemistry analysis: (A) Immunostaining for CD200 in CD patients showing
expression in epithelial cells. Magnification 200x. (B) Immunostaining for CD200 in Lieberkiihn
crypts. Magnification 400x. (C) Immunostaining for CD200R in CD patients showing expression in
epithelial cells and lamina propria cells. Magnification 200x. (D) Negative immunostaining for
CD200R in Lieberkiihn crypts. Magnification 400x.

No expression of CD200R was detected at the Lieberkiihn crypt level (Figure 1D). However,
strong Elafin expression was found in cells of the lamina propria resembling lymphocytes, as well as
in epithelial cells in patients with CD. The expression pattern showed expression both in the surface
epithelium as well as in crypt cells (Figures 2A and 2B). When isotype controls were used, there was
an absence of immune reactivity patterns (data not shown).

Figure 2. Inmunohistochemistry analysis: (A) Immunostaining for Elafin in CD patients showing
expression in epithelial cells and in Lieberkiihn crypts. Magnification 200x. (B) Elafin immunostaining
in epithelial cells. Magnification 400x.
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2.3. Detection of Cd200, Cd200R and Elafin protein in serum from CD patients by ELISA assays

The potential biomarkers of CD identified in our study, PI3, CD200 and CD200R, were further
validated using quantitative ELISA using the same cohort of samples. Our findings revealed higher
expression levels of CD200 and CD200R, while PI3 exhibited lower expression levels compared to
the healthy control group. As shown in Figure 3, the mean serum levels of CD200 were 32.91+8.73
pg/mL in CD patients and 6.92+3.35 pg/mL in control patients. The mean levels of CD200R were
864+101 pg/mL, 21.98+6,54 pg/mL and 377+66 pg/mL in sera from CD patients and healthy patients,
respectively. The mean levels of Elafin were 5217+1543 pg/mL, 7062+1066 pg/mL, in sera from CD
patients and healthy patients, respectively (Figure 3).

No consistent association was observed between the expression levels of Elafin, CD200 and
CD200R with sex, age, clinical stage, or histology. However, we assessed the potential correlations
between the levels of expression of Elafin, CD200 and CD200R (Figure 3). Our analysis revealed that
the levels of CD200 and Elafin exhibited significant correlations different from zero, with a confidence

level of 95.0% (p < 0.05).
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Figure 3. CD200, CD200R y Elafin expression in the serum of CD patients and healthy controls
(pg/mL). Significant difference at p <0.05 is shown.

2.4. CD4 y CD8 IFN-gamma expresion in CD patients. Gamma interferon responses of CD4 and CD8 T-cell
subsets

CD4 microbeads were designed for the isolation of human cells based on the CD4 antigen
expression. CD8 microbeads was used to isolate highly pure cytotoxic T cells. The relative
contributions of CD4 and CD8 T-cell subsets to IFN-y production in CD were examined. Our findings
revealed that both CD4+ T cells and CD8+ T cells showed increased IFN-y secretion in CD compared
to control patients (Figure 4).
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Figure 4. IFN-gamma secretion response in CD than control patients (pg/mL).

2.5. Analysis of Th1 and Th17 cytokines

Using immunohistochemistry analysis, we examined the presence of IL-17 and IL-21 in intestinal
biopsies obtained from patients with active disease and healthy individuals. The results suggest that
IL-21 secretion is likely associated with lamina propria lymphocytes, as there is no evidence
indicating that IELs might be also a source of this cytokine. In response to gluten stimulus, IL-21 is
produced by lamina propria lymphocytes and it mediates induction of IFN-y. The distribution of
intestinal IL-17+ and IL-22+ cells in the biopsy tissues were immunohistochemically processed and
evaluated by confocal microscopy. The results indicate an impaired secretion of both IL-17+ and IL-
22+ cells in CD (Figure 5). Also, a significative number of both IL-17 and IL-22 producing cells were
found in the small intestinal mucosa.

Figure 5. Inmunohistochemistry analysis: (A) IL17 and (B) IL22 in CD patients showing expression
in lamina propria and in Lieberkiihn crypts. Magnification 200X. E (epithelium), LP (lamina propria,
CL (crypts of Lieberkiihn).

Previously, a role for IL-23-mediated inflammation in the pathogenesis of CD was
demonstrated, showing that pepsin-A/trypsin digest of gliadin (PTG) stimulates the production of
IL-23 induces in PBMC from CD patients [31] We analyze the presence of IL-23 in serum from CD
patients with active disease. The results revealed a pronounced and statistically significant increase
in serum levels of IL-23 in celiac patients compared to compared to healthy individuals (Figure 6).
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Figure 6. IL23 expression in the serum of CD patients and healthy controls (pg/mL). Significant
difference at p <0.05 is shown.

2.6. MIP-4 protein in CD

An in vitro enzyme-linked immunosorbent assay for the quantitative measurement of human
MIP4 levels in serum was used. The MIP-4 protein is involved in adaptive immunity due to its
capability to attract both CD4+ and CDS8+ T lymphocytes [32]. Our results demonstrated that

macrophages derived from peripheral blood monocytes exhibited elevated levels of MIP-4 protein
expression in CD patients (Figure 7).
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Figure 7. MIP-4 expression in the serum of CD patients and healthy controls (pg/mL). Significant
difference at p <0.05 is shown.

2.1. PI3 Genotype and Frequencies

The allele and genotype frequencies of SNPs rs1733103, rs41282752, and rs2664581 are shown in

Table 1. Notably, in this study, the observed genotype frequencies in the control and CD groups were
consistent with the Hardy-Weinberg equilibrium.
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Table 1. Allelic and genotypic frequencies of polymorphic sites in the PI3 gene in the different study

groups.
151733103
Genotypes Control Celiac
c/C 74% (28) 48% (28)
C/T 18% (7) 47% (26)
T/T 8% (3) 7% (4)
Alleles Control Celiac
C 83% (63) 71% (82)
T 17% (13) 29% (34)
rs41282752
Genotypes Control Celiac
G/G 92% (35) 98% (57)
G/A 8% (3) 2% (1)
G/G 0 0
Alleles Control Celiac
G 96% (73) 99% (115)
A 4% (3) 1% (1)
1541282752
Genotypes Control Celiac
AlA 63% (24) 48% (28)
A/C 29% (11) 45% (26)
c/C 8% (3) 7% (4)
Alleles Control Celiac
A 78% (59) 71% (82)
C 22% (17) 29% (34)

For the SNP rs1733103, the CC genotype frequency was notably higher in healthy patients
compared to celiac patients, where the CT genotype proportion was more prevalent. Statistical
analysis using the Pearson's chi-square analysis revealed a significant association between the SNP
variables and the study group (p < 0.05). The strength of this association, measured by Cramer's V,
was moderate (0.274). Regarding the genotype association model with the disease risk compared to
the reference genotype (CC) between the control and celiac groups, the codominant CT model
represented a 2.71-fold increased risk of developing the disease compared to individuals without this
genotype, with a statistically significant value (p < 0.05) and a goodness of fit (AIC) of 126.6 (Table 2).
The dominant CT/TT model represented a 2.00-fold increased risk compared to the reference
genotype, with a statistically significant value (p <0.05) and an AIC of 127.3, while the overdominant
C/T model represented a 2.60-fold increased risk compared to the reference genotype, with a
statistically significant value (p < 0.05) and an AIC of 125.4.

Table 2. Association between PI3 genotypes and risk of CD. Abbreviation definitions: CI, confidence
interval; OR, odds ratio; AIC, Akaike information criterion; SNP, single nucleotide polymorphism.

1517333103
Model Genotype  Controln (%) Casesn (%) OR(IC95%) Pvalue AIC
C/C 28 (73.7%) 28 (48.3%) 1.00
Codominant C/T 7 (18.4%) 26 (44.8%) 3.71 (1.39-9.95) 0.022 127.3
T/T 3 (7.9%) 4 (6.9%) 1.33 (0.27-6.51)
C/C 28 (73.7%) 28 (48.3%) 1.00

Dominant 0.012 126.6

C/T+T/T 10 (262%) 30 (51.7%)  3.00 (1.24-7.28)
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. C/IC+C/T  35(92.1%)  54(93.1%) 1.00
R 8 132
ecessive T/T 3 (7.9%) 4(69%)  086(0.18-410) O ?
. C/C+T/T  31(8L6%)  32(55.2%) 1.00
Overdominant T/T 7 (18.4%) 26 (44.8%)  3.60 (136-9.49) 0003 1254
Log- Additive 194 (0.95-3.97) 0057  129.3
rs41282752
Model Genotype Control n (%) Cases n (%) OR (IC 95%) P value AIC
G/G 35 (92.1%) 57 (98.3%) 1.00 014 1307
G/G 3 (7.9%) 1(1.7%) 0.20 (0.02-2.05)
rs2664581
Model Genotype Control n (%) Cases n (%) OR (IC 95%) P value AIC
Codominant A/A 24 (63.2%) 28(48.3%) 1.00 0.28 132.4
C/A 11 (28.9%) 26(44.8%) 2.03 (0.83-4.94)
c/C 3 (7.9%) 4(6.9%) 1.14 (0.23-5.62)
Dominant AA 24 (63.2%) 28 (48.3%) 1.00 0.15 130.8
C/A +A/A 14 (36.8%) 30 (51.7%) 1.84 (0.80-4.24)
Recessive A/A +C/A 35 (92.1%) 54(93.1%) 1.00 0.85 132.9
c/C 3 (7.9%) 4(6.9%) 0.86(0.18-4.10)
Overdominant  A/A +C/C 27 (71%) 32 (55.2%) 1.00 0.11 130.4
C/A 11 (28.9%) 26 (44.8) 1.99 (0.83-4.77)
Log- Additive 1.4 (0.73-2.82) 029 1317

For the SNP 1541282752, the GG genotype was more prevalent in the celiac patient group, while
the GA genotype was predominant in healthy patients (Table 2). The chi-square analysis indicated
no significant relationship between the polymorphism variables and the patient type (p > 0.05).
Similarly, the Fisher's exact test also did not yield statistical significance (0.297). Furthermore, no
significant associations were found between the patients' gender and predisposition to CD.
Additionally, in the disease development association study, no genotypically representative risk
models were identified.

Lastly, regarding the SNP 1s2664581, Pearson's chi-square test revealed no significant
relationship between the polymorphism variables and the patient type (p > 0.05) (Table 2). Cramer's
V statistic also did not demonstrate a statistically significant degree of association (0.160). In the
analysis of the polymorphism'’s association with the disease, although models with the polymorphic
allele demonstrated an increased risk—particularly the codominant C/A model, which showed a
marginal susceptibility to disease risk with an odds ratio (OR) of 1.03 compared to the reference AA
genotype —this susceptibility wasn't substantial enough to be considered a definitive risk model (p >
0.05). Furthermore, within the sample size selected for this study, no significant association was
observed between the patients' gender and specific genotypes.

3. Discussion

Celiac disease is an autoimmune condition triggered by both genetic and environmental factors.
It manifests through an abnormal immune response in the small intestine, resulting in chronic
inflammation and several gastrointestinal and extra-intestinal symptoms [1,4]. Recent research has
shed light on the role of immune checkpoints in the pathogenesis of CD, offering new perspectives
on potential therapeutic strategies. The disruption of immune checkpoints in this disease leads to an
abnormal immune response to gluten and chronic inflammation in the small intestine [28].
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Our previous research demonstrated altered signaling pathways involving the co-inhibitory PD-
L1 and immunosuppressive IDO in CD patients compared to healthy individuals [20-22]. So,
elevated expression levels of PD-L1 and IDO on the surface of intestinal epithelial and lamina propria
cells in patients with CD, contributing to the creation of an immunosuppressive environment.

The CD200/CD200R axis is considered an important immunological checkpoint, playing a
pivotal role in maintaining immune tolerance and regulating cytokine release [29]. In this study, we
characterized, for the first time, the expression of the CD200/CD200R axis in CD using ELISA assay
and immunohistochemistry techniques. Abnormalities were found in the expression of elements of
the CD200/CD200R pathway in CD patients revealing an overexpression of both the ligand and the
receptor when compared to healthy controls. Our findings demonstrated a significantly higher level
of soluble CD200 and CD200R in the serum of CD patients as compared to healthy controls. We
propose that the interaction between sCD200 and CD200R is critical for the downstream
consequences of the CD200/CD200R axis of immunoregulation. Consistent with our results, CD200
expression is regulated by IFN-gamma in CD and is capable to induce CD200 expression, which, in
turn, attempts to neutralize the inflammatory response.

The soluble forms of CD200 and CD200R are believed to play a significant role in CD by
modulating the immune response and inflammation. The presence of soluble CD200 in the
microenvironment is thought to assist in preserving immunological tolerance and restricting
autoimmune damage at the intestinal level [24]. Conversely, soluble CD200R forms, on the other
hand, have the potential to compete with the membrane-bound CD200R in binding to its ligand
CD200. This competition may lead to the reduction of inhibitory signaling, potentially prompting a
heightened immune response and contributing to disease exacerbation by disrupting normal
regulatory mechanism [24].

Several studies have highlighted the significant role of macrophages in the development and/or
progression of CD [30]. Macrophages play a key role in the immune system, acting as a bridge
between innate and adaptive immunity, and they are essential participants in the early events that
drive CD pathogenesis [30]. During intestinal inflammation, macrophages induce the secretion of
pro-inflammatory cytokines such as IFN-y from activated T cells. Chemokines play a central role in
regulating hemopoietic cell movement both during the establishment of inflammation and immune
responses [33]. The MIP-4 protein is active on both CD4+ and CD8+ T cells in CD, suggesting that
MIP-4 is involved in adaptive rather than innate immunity [32]. The MIP-4 production could be up-
regulated by environmental stimuli, such as gluten peptides, thereby prompting distinct functional
phenotypes of alternatively activated macrophages.

Macrophages are considered as a primary source of IL23 in the intestine, potentially playing a
crucial role in molecular communication with subsets of T cells and innate lymphoid cells within the
intestinal environment. This study shows cells producing IL17 predominantly accumulate in the
submucosa and muscularis propria of CD patients, and as a consequence elevated levels of IFN-y
and IL17 were observed in comparison to those in healthy controls.

In CD, IFN-y, primarily secreted by T cells, has the capability to activate tissue transglutaminase
2 (TG2) via the phosphatidylinositol-3-kinase pathway. Conversely, IL-17 and IL-22 serve as
regulators maintaining the integrity of the intestinal mucosa. In CD, the introduction of dietary gluten
and the presence of positive TG2 autoantibodies can alter the capacity of intestinal CD4+ and CD8+
T Iymphocytes to secrete these cytokines, thereby inducing structural changes in the intestinal tissue.
Consequently, both IL-17 and IL-22 may contribute to the development of autoimmune diseases, such
as rheumatoid arthritis [34], inflammatory bowel disease [35] and as observed in our study, in CD.

Elafin, an inducible and multifunctional peptide expressed by mucosal surfaces, including the
intestinal epithelium, displays anti-bacterial and anti-inflammatory properties, playing a role in the
innate defense during inflammatory events [27]. Acting as an inhibitory protein of serine proteases
in epithelial cells, Elafin serves a protective function by mitigating the effects of inflammatory process
in immune responses. This includes neutralizing neutrophilic proteases and reducing uncontrolled
tissue damage [2].


https://doi.org/10.20944/preprints202311.1893.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 November 2023 doi:10.20944/preprints202311.1893.v1

11

Galipeau et al. [37] found lower levels of Elafin in patients with active CD, indicative of
inflammation and damage to the small intestinal epithelium. Additionally, they described the Elafin’s
capability to interact with gliadin peptides, impacting TG-2 involved in their deamidation. In our
study, we observed that the expression of Elafin was restricted to the apical surface of the intestinal
mucosa, in the lamina propria and on the surface of the Lieberkiihn crypts.

We determined Elafin expression in serum of CD and healthy patients. The levels of serum Elafin
did not exhibit positive correlations with clinical disease activity (Marsh). Soluble forms of Elafin can
act as protease inhibitors in the extracellular environment, thereby limiting tissue degradation and
reducing chronic inflammation. In CD, where the balance between proteases and their inhibitors is
altered, soluble Elafin forms may help to counteract excessive inflammation and tissue damage.

In celiac patients, during the course of the disease, a robust anti-inflammatory response to gluten
may occur. This response often leads to an uncontrolled production of Elafin in an attempt to mitigate
inflammation. Paradoxically, this excessive production of Elafin can result in the recruitment of
intraepithelial lymphocytes, contributing to the persistence of intestinal lesions. Elafin is primarily
detected under inflammation conditions, suggesting its inducible nature. Consequently, numerous
studies have shown that Elafin expression can be positively regulated in response to several
proinflammatory stimuli such as lipopolysaccharide and several proinflammatory cytokines like IL-
1B or TNF-a [38].

In this study, we determined the contribution of the PI3 polymorphism in a cohort of patients
diagnosed with active CD and a control group without CD. Various SNPs were selected based on
their location in critical regions responsible for the translation of the regulatory protein and its
inhibitory function. These regions were chosen due to their usual resistance to alternative splicing.
Given their presence in exons, significant coding regions, these SNPs underwent genotyping and
subsequent analysis to determine their association with CD. The study revealed a notable correlation
between the SNP rs1733103 and the risk of CD. The genotype containing the minor polymorphic
allele T of rs1733103 is associated with an increased risk, with the overdominant model as the most
suitable representation of this association, displaying superior goodness of fit and a lower AIC value.
Thus, the presence of the polymorphic allele tentatively indicates an increased risk of altered or
diminished activity of PI3, contributing to the excessive inflammatory activity in CD.

However, no significant consistency was observed in either of the other two studied
polymorphisms. Nevertheless, we could maintain the hypothesis that variations in PI3 splicing might
increase susceptibility to CD, considering the increased expression observed in celiac patients.
Further expansion of the sample size is necessary to assert with greater confidence the non-
association of these polymorphisms with the alteration of protein activity.

We acknowledge some limitations in our study. While we were able to delineate a series of
association models involving the rs1733103 polymorphism significantly with CD, we did not observe
a significant association between the rs2664581 and rs41282752 polymorphisms and their influence
on CD pathogenesis. However, this lack of replication could be explained by the small sample size
within both the cohort of CD patients and the healthy controls, which would require larger sample
sizes to either exclude or confirm their contribution. The modification of function associated with
alternative splicing variations in association with regulatory genes in autoimmune diseases have
already been described [39]. Based on our preliminary results, it is plausible that the post-
translational activity of PI3 could also be influenced by polymorphic activity in important coding
regions of the gene.

4. Materials and Methods

4.1. Study Samples

A total of 96 participants took part in this study, comprising 58 celiac patients and 38 healthy
individuals after excluding those with CD. Diagnosis was confirmed via serological tests for tissue
transglutaminase (tTG) antibodies and specific HLA typing for CD. Additionally, biopsy of the small
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intestine was performed after gastrointestinal endoscopy to validate the diagnosis. Approval from
the Ethics Committee was obtained before conducting the study.

4.2. Immunohistochemical staining

Paraffin sections were deparaffinized in xylene, followed by hydration through graded alcohols.
Antibodies used in this study included: anti human receptor for the CD200/OX2 cell surface
glycoprotein (Abcam, UK), anti-human CD200 (Abcam, UK), anti-human Elafin/ESI antibody
contains 1 WAP domain, anti-human IL17 and anti-human IL-21. For antigen retrieval, sections were
microwaved in 10 mM citrate buffer (pH 6.0) and subsequently cooled in phosphate-buffered saline
(PBS). The section was then incubated with ab232941 at 0.1pg/mL for 15 mins at room temperature
and then detected using an HRP conjugated compact polymer system. DAB was used as the
chromogen. The sections were then counterstained with haematoxylin and mounted with DPX. To
ensure specificity, a negative control section was included, in which the primary antibody was
substituted by the corresponding isotype control antibody.

4.3. ELISA assays in serum from patients

The levels of soluble CD200, CD200R, and Elafin in serum of active celiac and non-celiac patients
were determined using a commercial ELISA kit in accordance with the manufacturer’s instructions
(Abcam). For each assay, the standards as well as the samples were tested in duplicate. The cytokine
concentrations (pg/mL) were estimated for each assay. The sensitivity of the assays was determined
to be >13 pg/mL for sCD200, 12 pg/mL for sCD200R, and 1 pg/mL for sElafin, respectively. The
concentrations of sCD200, sCD200R, and sElafin were quantified from the optical density readings
based on standard curves.

4.4. Analysis and expression of Th1 (IFNy), Th17 (IL23) cytokine production

A commercial ELISA kit was used following the manufacturer's instructions (Thermo Scientific),
with standards included on each plate. The sensitivity of the assay was <2 pg/mL. Antibodies
employed in this study included anti human IL17 and anti-human IL22, both conjugate with FITC
(FabGennix International, LSBio).

4.5. Elafin Genotype and Allele Frequencies

Genomic DNA was isolated from whole blood samples of the study subjects using the Puregene
DNA isolation kit (Gentra Systems, Minneapolis, MN). The genomic DNA was used as a template to
generate two PCR products within the coding region of the PI3 gene. One product was 870 bp in
length and contained two SNPs of interest (rs1733103 and rs41282752), while the other product was
463 bp and included the last SNP of interest for this study (rs2664581), corresponding to exons 1 and
2 of PI3, respectively. The used primers are listed in the Table 1. PCR was performed using DreamTaq
Green PCR Master Mix 2x (Thermo Fisher Scientific) with 50 ng of genomic DNA and 10 pmol of
each primer in a total volume of 25 pL.

Table 3. Primer sequences and fragments generated by PCR. The restriction endonuclease used for
the analysis of each SNP is also indicated.

PCR Restricti
Region Primer code Sequence CR product SNP estriction
(bp) endonuclease
Exon 1 PI3-119-F CCCAGGTCCCTCCCAGAA 850 rs1733103 BtsCI
© PI3-969-R  CCTTCCTCCACTCCAAGTCT rs41282752 Bsrl
Exon 2 PI3-1080-F CTTCCCTACTCAGGCCATGG 463 12664581  HpyCHAII

P13-1523-R  CGCTCAGCCTTCITTTGTGT
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Figure 8. (A-C) Genotyping of the polymorphisms (C/T), (G/A), (C/A) in the PI3 gene. (A) Schematic
representation of the PCR-amplified fragment of 870 bp containing the SNP rs1733103. The presence
of T in the SNP creates a recognition site for the BtsCI restriction endonuclease, resulting in the
generation of three fragments of 130, 206, and 528 bp respectively. (B) Schematic representation of the
PCR-amplified fragment of 870 bp containing the SNP rs41282752. The presence of A in the SNP
creates an additional recognition site for the BsrI restriction endonuclease, resulting in the generation
of four fragments of 137, 202, 250, and 281 bp. (C) Schematic representation of the PCR-amplified
fragment of 463 bp containing the SNP rs2664581. The presence of A in the SNP creates an additional
recognition site for the HpyCHAIII restriction endonuclease, resulting in the generation of three
fragments of 24, 130, and 309 bp. (D-F) Gel electrophoresis patterns of the PCR products digested
with BtsCI, Bsrl, and HpyCHAIII, respectively, showing the different banding patterns obtained for
rs1733103 (C/C, C/T, T/T), rs41282752 (G/G, G/A, A/A), rs2664581 (C/C, C/A, A/A).

The PCR cycling profile consisted of an initial denaturation at 94°C (2 min), followed by 40 cycles
of denaturation at 92°C (30 s), annealing at 68°C (30 s), and extension at 72°C (1 min). A final extension
step was performed at 72°C for 5 min. Aliquots of 5 puL of the PCR product were analyzed by agarose
gel electrophoresis (1%) to confirm the correct DNA amplification.

genotyping Different aliquots of 20 uL from the PCR reaction product were used for RFLP
analysis to genotype the SNPs. For rs1733103 genotyping, 5 units of BtsCI (New England Biolabs,
UK) were used in a 40 uL reaction mixture, with incubation performed at 37°C. For rs41282752
genotyping, 5 units of Bsrl (New England Biolabs, UK) were used in a 40 uL reaction mixture, with
incubation at 65°C. Finally, for SNP rs2664581genotyping, 20 uL of the PCR product fragment, along
with 5 units of HpyCHA4III (New England Biolabs, UK), were incorporated into a 40 ul for digestion,
followed by incubation at 37°C. The results of the digestions (Figure 1) were visualized by
electrophoresis on a 4% agarose gel in 0.5x TBE. Genotyping was performed based on the distinct
molecular weight banding pattern obtained in each sample.

4.6. Statistical Analysis
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Statistical analysis of the data was performed using Statgraphics software (StatPoint
Technologies, Warrenton, VA, USA). The chi-square test was used for the comparison of qualitative
data. The risk association analysis between the polymorphisms and CD was carried out using the
SNPstats web tool (28), where the Hardy-Weinberg equilibrium was tested.

5. Conclusions

In CD, the dysregulation or compromise of the immune checkpoints contributes to inflammation
and the autoimmunity process. CD200 inhibits the immune response by limiting the immune cells
activation. While IDO regulates immune tolerance by catabolizing tryptophan. PD1 is a key protein
that prevents excessive activation of T lymphocytes. Meanwhile, Elafin modulates the inflammatory
response. The study of these checkpoints will led to the development of targeted therapies aimed at
restoring immunological balance in CD. High level of soluble isoforms, such as PD1, Elafin, CD200
are observed in CD and their levels will indicate disease activity and they might be useful in disease
monitoring. Soluble isoforms can also be natural competitive inhibitors to membrane-bound
isoforms. Therefore, the former block downstream signaling pathways and are potential therapeutic
targets.

Our study suggests that alternative splicing of PI3 might represent another piece in the intricate
pathophysiology present CD patients. We hypothesize a potential differential regulation of PI3
splicing variants in CD. We hypothesize a potential differential regulation of PI3 splicing variants in
CD. Aberrant splicing might result in elevated levels of defective PI3 protein, which fails to
adequately counteract the detrimental effects of cytokines, thus triggering tissue damage associated
with autoimmunity. The association study of genotypes derived from the allelic variants of rs1733103
revealed a significant association with increased CD risk. Conversely, we did not observe a notable
risk association between the allelic variants rs41282752 SNPs and CD. Although the allelic variants
of 152664581 (C) showed an increased CD risk, statistical significance was not reached. Due to the
sample size, the distribution of different genotypes presented in both CD patients and healthy
controls did not provide the significant evidences to conclude that these polymorphisms were
associated with CD and posed a risk for the disease. Although our findings were inconclusive, there
appears to be a trend indicating active polymorphic activity in specific gene regions associated with
CD, warranting further investigation in cohorts with larger samples.

In summary, our results corroborate the association between SNPs rs173310, rs2664581 and an
elevated risk of CD, thereby supporting the role of PI3 in CD development. SNPs in the PI3 locus
may potentially act synergistically, regulating PI3 gene expression and influencing pre-elafin
biological functions.
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