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ated all the arguments presented in this paper without the help of AL

I. Abstract:

Celiac disease is an autoimmune disorder characterized by an ad-
verse reaction to the protein gluten, leading to inflammation and damage to
the small intestine. Central to this investigation is the association between
celiac disease and the HLA-DQA1 gene, a key player in disease susceptibil-
ity. While existing research has established a link between HLA-DQA1 and
celiac disease, my analysis reveals a critical gap in knowledge regarding
the specific alleles and their mechanistic pathways underlying their asso-
ciation. Through a comprehensive review of literature, including studies
on gene polymorphisms and animal models, this study outlines an exper-
imental approach to elucidate the functional significance of HLA-DQA1
alleles in celiac disease pathogenesis. By utilizing CRISPR/Cas9 technol-
ogy to generate knock-in mice expressing disease-associated alleles, I aim
to investigate immune responses to gluten and assess tissue damage in
the intestinal mucosa of mice. The proposed experiments encompass his-
tological analysis, cytokine production assays, and T-cell activation studies
to unravel the mechanistic underpinnings of celiac disease development.

II. The Phenotype

The gene I'm focusing on in this paper is HDQ-DA1, particular-
ly due to its association with celiac disease. About a year ago, I under-
went blood tests that revealed I have a gluten sensitivity. This sensitiv-
ity is shared by other members of my family, prompting me to wonder
about the genetic factors underlying the connection between genes, glu-
ten intolerance, and celiac disease. As I delved into research on gluten
intolerance and celiac disease, HDQ-DAI emerged as a crucial factor.
Moreover, I gained insight into the differentiation between celiac dis-
ease and gluten sensitivity, often referred to as non-celiac sensitivity.

The decision to center this paper on celiac disease stemmed from
two primary reasons. Firstly, there is a significantly greater amount of
genetic testing conducted on celiac disease compared to gluten sensi-
tivity, which remains incompletely understood genetically. Secondly,

Italy has a notably high prevalence of celiac disease with
rates at 1.6% compared to the global average of 1% (“Italian Screen-
ing Study Finds Increasing Prevalence of Celiac Disease, 2021). Giv-
en my Italian heritage and the prevalence of the disease within my
family, my interest in studying celiac disease grew exponentially.
Therefore, I decided to investigate the HDQ-DA1 gene and its alleles.

First, a distinction must be made between celiac disease and glu-
ten sensitivity. Both are a body response to the protein gluten that is
found in wheat, rye, and barley. Gluten is made of two different pro-
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teins: gliadin and glutenin (“Celiac disease”, 2023). Celiac disease is a
multifaceted autoimmune disorder (meaning the body’s immune sys-
tem turns against its own tissues.) That is to say, when someone with
celiac consumes the gluten protein, an autoimmune reaction is triggered
that damages the small intestine’s lining and impairs nutrient absorp-
tion, which leads to various health complications (Devriese, et al., 2024).

In contrast, gluten intolerance, or non-celiac gluten sensitivity, offers
a less intense (although still challenging) condition. While symptoms like
abdominal pain, bloating, and diarrhea may occur with gluten intolerance,
there’s no autoimmune intestinal damage involved (“Gluten Intolerance”,
2021). Despite my family’s experience with gluten insensitivity, I'm drawn
to understanding celiac disease, recognizing its severity as more than just
discomfort but a profound health concern requiring deeper exploration and
awareness. Therefore, I will focus on celiac disease for my research paper.

In individuals with celiac disease, gluten’s gliadin peptides are what
trigger the autoimmune response, meaning they recognized as foreign in-
vaders by antigen-presenting cells (APCs; Sciurti, et al., 2019). APCs pro-
cess the gliadin peptides and present them to T-cells (immune cells), spe-
cifically CD4+ T-cells, via major histocompatibility complex class II (MHC

II) molecules (Sciurti, et al., 2019). This interaction activates the
CD4+ T-cells, leading to the release of pro-inflammatory cytokines, such
as interferon-gamma (IFN-y) and tumor necrosis factor-alpha (TNF-a).

These pro-inflammatory cytokines initiate an immune cascade,
resulting in the recruitment of more immune cells, including lym-
phocytes and macrophages, that go to the intestinal mucosa. This
influx of immune cells contributes to inflammation and tissue dam-
age in the small intestine, particularly in the villi, which are finger-like
projections responsible for nutrient absorption (Besser, et al., 2023).

Furthermore, the activation of tissue transglutaminase (TG2),
an enzyme in the intestinal mucosa, plays a crucial role in the patho-
genesis of celiac disease (Besser, et al., 2023). TG2 modifies gliadin
peptides, increasing their immunogenicity and enhancing their bind-
ing to MHC II molecules on APCs. This process further amplifies the
immune response and perpetuates tissue damage in the gut lining.

Ultimately, the chronic inflammation and tissue damage caused
by this immune response leads to villous atrophy, crypt hyperpla-
sia, and flattening of the intestinal mucosa. Villous atrophy is the dam-
age to the finger-like projections (villi) lining the small intestine, and is
a hallmark of celiac disease, leading to villi erosion or loss (Schiepatti
et al, 2022). Crypt hyperplasia is the increased proliferation and en-
largement of the intestinal crypts, which are invaginations between
the villi, often seen in response to mucosal injury or inflammation

(Villanacci et al., 2020). Lastly, the flattening of the intestinal mucosa
isasitsounds, areduction of the characteristic folds (rugae) and protrusions
(villi) in the lining of the intestine (Villanacci et al., 2020). All these char-
acteristics combined produce the resulting and typically indicative of mu-
cosal damage that impairs nutrient absorption and can manifest clinically
as malabsorption, gastrointestinal symptoms, and systemic complications.

III. The Genotype

Further studies of celiac disease identified HDQ-DA1 playing
a crucial role in the development of the disease (Devriese, et al., 2024).
It is involved in the regulation of the immune response to gluten, with
variations in the gene contributing to an increased risk of developing the
condition. Research into HDQ-DA1 revealed insights into the mechanisms
underlying celiac disease development (Devriese, et al., 2024). Certain
variants of HDQ-DAT have been linked to heightened immune reactivi-
ty to gluten peptides, leading to the characteristic inflammatory response
seen in individuals with celiac disease (Fernandez-Mestre, et al., 2023).
Understanding the role of HDQ-DAT in this process is essential for devel-
oping targeted therapies and interventions for celiac disease management.
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The gene HDQ-DA1, also known as HLA-DQ], is a key player in
the pathogenesis of celiac disease. HLA-DQ1 is found in chromosome
6p21.32 and belongs to the human leukocyte antigen (HLA) gene complex,
which encodes major histocompatibility complex (MHC) class Il molecules
(Fernandez-Mestre, et al., 2023). More specifically, the gene comprises 5
exons: exon 1 codes for the leader peptide, exons 2 and 3 code for the two
extracellular domains, while exon 4 codes for the transmembrane domain
and the cytoplasmic tail (Ferndndez-Mestre, et al., 2023). Polymorphisms
within both the alpha and beta chains of the DQ molecule dictate pep-
tide binding specificities, potentially yielding four distinct molecules.

In celiac disease, gluten-derived peptides, particularly gliadin
fragments as mentioned before, are presented by HLA-DQ1 molecules to
CD4+ T-cells in the intestinal mucosa. This interaction between gliadin
peptides and HLA-DQ1 molecules triggers an immune response, leading
to the production of pro-inflammatory cytokines and the recruitment of
immune cells to the intestinal epithelium (Fernandez-Mestre, et al., 2023).
HLA-DQ1 can do so because the protein made has a high affinity for cer-
tain gluten epitopes, such as those found in gliadin (Albert, et al., 2024).

Furthermore, genetic variations in the HLA-DQI gene, par-
ticularly certain haplotypes such as HLA-DQ2 and HLA-DQS8, are
strongly associated with susceptibility to celiac disease (Albert, et
al., 2024). Individuals carrying these HLA-DQI haplotypes have an
increased risk of developing celiac disease, as their HLA-DQ1 mol-
ecules are more efficient in presenting gluten peptides to CD4+
T-cells, thus facilitating the initiation of the autoimmune response.

This paper aims to contribute to the ongoing literature review of the
HLA-DQ1 gene by determining the influence of genetics on celiac disease.
It is already known that the HLA-DQ1 gene increases the susceptibility to
celiac disease; however, there is very little research done on the influence of
specific alleles on the disease, or even on gluten sensitivity. The gene is stud-
ied for its high levels of polymorphisms, and although studies looked at the
different molecule products, the effects of each allele on each molecule are
still understudied in the context of celiac disease, which most papers focus-
ing on the immune response, rather than the subsequent immune disease.
For this reason, I am narrowing the focus of this paper and the experiment
proposed to the diversity of gene alleles and their effect on celiac disease.

The investigation into the presence of different alleles of HLA-
DQAT1 in association with celiac disease started in the late 80s. Gyllensten
and Erlich (1988) demonstrated an innovative single-step method for
amplifying a single-copy gene and producing an excess of single-strand-
ed DNA for sequencing, aiding in the study of allelic diversity at the
HLA-DQA locus. Their work was followed by researchers like Briata et
al., (1989) who presented evidence suggesting polymorphic cis-acting el-
ements within the HLA-DQB gene control splicing and polyadenylation,
introducing complexities in gene regulation. These findings underscore
the intricate interplay between HLA-DQAI alleles and disease suscepti-
bility, not just for celiac disease but also other autoimmune reactions.

In the later years, increased research on the gene began using ani-
mal models such as mice. Rajagopalan et al. (2008) aimed to elucidate the
impact of HLA-DQ polymorphisms on immune response using transgenic
mice when presented with specific antigens from bacteria, a topic relevant
to autoimmune diseases like celiac disease. Their hypothesis posited that
variations in HLA-DQ would lead to differential susceptibility to the dif-
ferent superantigens of bacteria, possibly influencing immune activation
and downstream responses. To investigate this, the researchers generated
transgenic mice expressing different HLA-DQ alleles and exposed them to
the superantigens of interest. They observed distinct immune responses
among the transgenic mice, with certain HLA-DQ alleles conferring in-
creased susceptibility to bacterial superantigens, while others exhibited
more robust immune regulation. These findings are of great importance
to HLA-DQ polymorphisms in modulating immune responses to exter-
nal stimuli, such as bacterial superantigens, and provide insights into
how HLA-DQ variants are highly associated with the immune response.

To continue my exploration of the gene, I investigated wheth-
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er researchers are able to use mice as animal models to create transgen-
ic mice and how they do that. Evidence from multiple studies, such as
Dewan et al. (2021) confirmed that HLA-DQAI can be successfully in-
serted in mice. Moreover, the human HLA-DQA1 gene has a mouse ho-
molog called histocompatibility 2, class II antigen A, alpha, noted as H2-
Aa (NCBI Gene: 14960, Mouse Genome Informatics, 2024; NCBI, 2024).

Dewan et al. (2021) utilized a gene-targeting approach known as
knock-in technology, where they introduced the human HLA-DQA105:01
allele into the mouse genome at a specific locus. This involved designing
a targeting vector containing the human HLA-DQA105:01 gene sequence
flanked by homology arms that match the genomic sequence surround-
ing the insertion site in the mouse genome. The targeting vector was
then introduced into mouse embryonic stem cells, allowing for homolo-
gous recombination between the targeting vector and the endogenous
mouse DNA. Through a series of selection steps, cells with the desired
gene insertion were isolated and used to generate transgenic mice. The
resulting mice carried the human HLA-DQA105:01 gene in their genome,
allowing for the study of its function and contribution to celiac disease
susceptibility in vivo. Unfortunately, there hasn’t been much research
done on using this innovative approach to investigate the role of specific
HLA-DQ alleles in disease pathogenesis and testing potential therapeutic
interventions in a relevant animal model. Their work on transgenic mice
confirmed the possibility of exploring different human alleles of interest
in a mouse model. Hence, my interest in looking at this in a multitude of
ways is to provide future research on the precise mechanisms underlying
the association between HLA-DQ alleles and celiac disease susceptibility.

IV. Future Directions

This essay outlines key experiments that I am interested in conduct-
ing to advance our understanding of celiac disease using transgenic mouse
models and cutting-edge genetic techniques.

First, I aim to investigate the functional role of HLA-DQ1 alleles in
celiac disease pathogenesis using transgenic mouse models. To accomplish
this, I will generate HLA-DQ1 knock-in mice expressing disease-associated
HLA-DQ1 alleles via CRISPR/Cas9 technology. The CRISPR/Cas9 system
allows scientists to introduce a mutation and delete (or alter) the genome
at a precise sequence of DNA. I would be interested in using this system,
in the case of the HLA-DQ1 gene, by looking at the H2-Aa mouse homolog,
and modifying the sequence to create the HLA-DQA105:01 allele, which is
highly associated with disease progression. Once I know the specific DNA
sequence, I can design a single guide RNA (sgRNA) that complementa-
ry binds to this sequence. When introduced in vitro, it will promote the
binding of the Cas9 enzyme to the sgRNA and then to the target DNA
by recognizing a PAM (5" - NGG - 3) site near the cutting region. This
will produce the cut in the DNA that allows me to introduce my wanted
allele or site change in case it only requires single nucleotide changes. I hy-
pothesize that HLA-DQ1 alleles contribute to celiac disease susceptibility
by modulating gluten-specific immune responses in the intestinal mucosa.

Following successful integration, the knock-in mice will be bred,
and I will test the presence of the HLA-DQ1 alleles through screening
using PCR genotyping. This test could be accomplished by doing PCR
on the exact sequence of the allele I am interested in at position chromo-
some 6. Experimental and control groups will be established, with each
group consisting of at least 10 mice for a total of 20 mice in the study.
For my study, it is essential to ensure that the immune system of the
knock-in mice has sufficiently matured to be able to carry out follow-

up experiments and appropriate testing of immune response to
gluten antigens. For this reason and based on previous literature treating
transgenic mice, the mice will be tested four weeks after birth (Dewan et
al., 2021). Because breeding will be involved, I would expect to see both
homozygous and heterozygous mice in my studies. I will categorize ho-
mozygous for the human-associated allele as OA (homozygous celiac dis-
ease-associated allele) and heterozygous as EA. There will be three groups:

Group 1: OA mice with HLA-DQA105:01 allele
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Group 2: EA mice with HLA-DQA105:01 allele
Group 3: Control mice (no CRISPR-altered, normal mice homolog)

To prepare mice, both experimental and control groups will be fed
a gluten-free diet for the first four weeks of life. Subsequently, once the
immune system is mature, all groups will be introduced to a gluten-con-
taining diet which they will be kept on for another four weeks or until time
allows. After this time, gluten-specific immune responses will be assessed.

To continue the study and the immune response, I am interested in
conducting T-cell activation. This procedure involves the isolation of T-cells
from a lymphoid organ of the mice, such as the spleen. Most labs use the
density gradient centrifugation to successfully extract the T cells. This is fol-
lowed by plating the isolated cells in an appropriate culture dish medium
that can be tested and stimulated using gluten peptides that are common
T-cell activators such as CD3 (T lymphocytes) and CD20 (B lymphocytes)
that help identify patients with celiac disease (Mubarak et al., 2015). The
cells would then need to be incubated at 37°C with 5% CO2 for an appropri-
ate duration, typically between 24 to 72 hours, as other literature describes
for best incubation and experimental requirements (Qiao et al., 2021).

One very important aspect of the study is having correct control
groups. Apart from my group 3 T-cell activation assays, I would have
two other control groups: Unstimulated T-cells and Irrelevant T-cell
stimulation. The first one entails having a group of T-cell cultures that
undergoes all the same conditions as the experimental groups but does
not get stimulated with the antigens. These groups would serve as a base-
line for T-cell background activation and test background cytokine pro-
duction without any stimuli. The latter group, the irrelevant group, in-
volves another T-cell culture but in this case, it would get an irrelevant
stimulus that is not specific to celiac disease and should not be activated.
This control helps me to distinguish specific responses to the experimen-
tal stimuli from non-specific effects that could affect result interpretation.

Once my groups are set and the incubation period is over, I will
finally assess the activation of the T-cells in the three different groups.
These tests include cytokine production, which in the case of celiac disease,
gluten peptides activate gluten-specific T-cells, leading to the production
of pro-inflammatory cytokines such as interferon-gamma (IFN-y), tumor
necrosis factor-alpha (TNF-a), interleukin-2 (IL-2), and interleukin-17 (IL-
17). Therefore, I would collect the aforementioned intestinal tissue samples
and T-cell cultures from all groups and analyze them using enzyme-linked
immunosorbent assay (ELISA) and reverse transcription-quantitative
polymerase chain reaction (RT-qPCR). For group 1, I would expect to see
increased levels of pro-inflammatory cytokines such as IFN-y, TNF-q, IL-2,
and IL-17 in the intestinal mucosa compared to control mice. In group 2,
since these are heterozygous for the allele, Iwould expect to see some elevat-
ed levels of cytokines (although not as high as group 1 since they only have
one copy of the human allele) and thus would modify the HLA complex.

The RT-qPCR I would expect to reveal the upregulation of genes
encoding for these proinflammatory cytokines. This result can be obtained
because the RT-qPCR amplifies and quantifies specific RNA that is re-
verse-transcribed into DNA sequences in a sample, such as HLA- DQAI.
This reversion is followed by designing complementary primers, perform-
ing PCR amplification with fluorescent detection, and analyzing the fluores-
cence signals to determine the amount of target RNA present (and thus the
expression of the gene.) Through this analysis, I could focus on the mecha-
nism of action of these alleles by studying the expression of the gene and the
activation of any signaling pathways that are commonly associated with
immune activation and inflammation, such as NF-kB, MAPK, and STAT.

Finally, to complete a thorough investigation of the gene al-
leles on both genotype and phenotype, I would conduct a histo-
logical analysis. This assay allows us to investigate tissue dam-
age, which is essential for seeing if the allele produced intestinal
damage after having a gluten-containing diet. For this assay, I would
need to collect samples of the small intestine of the mice (proper-
ly handling the tissue with paraffin wax) and then section the samples.
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The staining process follows using specific antibodies, in the case of
immunohistochemistry, such as those markers for inflammation, CD3 and
CD20, as well as tissue damage (Parham, 2015). These tissue sections would
be examined under a microscope. I would expect that group 1 present the
most damage to the lining of the intestine while groups 2 and have less.
Group 3should notshow any damageatall, since this is the control mice. This
is to say, I expect to see after the histological analysis greater intestinal tis-
sue damage and inflammation in knock-in mice following gluten exposure.

To ensure rigorous data collection and analysis, all experiments
will be conducted following approved institutional animal care and
use protocols. These experiments will provide valuable insights into
the functional role of HLA-DQ1 alleles in celiac disease pathogenesis
and the mechanisms underlying the autoimmune disorder. In my anal-
ysis in the lab, I have a newly identified allele of the gene, whose role
and association with celiac disease I want to study.

I would be very excited to carry out this long and ambitious analy-
sis of different alleles on disease progression and mechanistic insights into
HLA-DQ1. However, even though the knock-in mice model has many ad-
vantages to studying disease, this model cannot fully capture the complex-
ity of human celiac disease. As discussed before, genetics are an important
component, but the disease is greatly influenced by environmental and
other immunological factors. Some of the differences in immune system
regulation, gut microbiota composition, and environmental exposures (so-
cial bonds or isolation) between mice and humans may limit the transla-
tional relevance of the literature and my hypothetical potential findings.

V. Conclusion

In conclusion, this study delves into the intricate interplay be-
tween genetics, gluten intolerance, and celiac disease, with a particular
focus on the role of the HLA-DQAI1 in disease susceptibility. Through a
comprehensive review of existing literature and proposed experimental
analyses, this research is meant to shed light on the underlying mecha-
nisms driving celiac disease pathogenesis. Understanding specific variants
of the HLA-DQA1 and their role not only in celiac disease but overall in
the HLA complex would help develop better therapeutic techniques for
patients that involve direct targeting of the biology and not just a diet
change. Further research should explore demographics by conducting
sequencing analysis of different populations, and thus, create a study of
different prevalence of alleles across the world. As of now, most of the
research done on celiac disease is done on specific populations, most-
ly white. Thus, the literature focuses on the alleles present in world re-
gions. The importance of genetics and to provide specialized therapeu-
tics that can be applied worldwide. Ultimately, a deeper understanding
of their mechanistic pathways has the potential to inform the devel-
opment of broader scientific understanding of autoimmune disorders.

Note: Eukaryon is published by students at Lake Forest College, who are solely
responsible for its content. The views expressed in Eukaryon do not necessari-
ly reflect those of the College. Articles published within Eukaryon should not be
cited in bibliographies. Material contained herein should be treated as personal
communication and should be cited as such only with the consent of the author.
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