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Abstract
Objective: Type 1 diabetes (T1Ds) is an autoimmune disease in which the immune system invades and destroys
insulin-producing cells. Nevertheless, at the time of diagnosis, about 30-40% of pancreatic beta cells are healthy and
capable of producing insulin. Bi-specific antibodies, chimeric antigen receptor regulatory T cells (CAR-Treg cells), and
labeled antibodies could be a new emerging option for the treatment or diagnosis of type | diabetic patients. The aim
of the study is to choose appropriate cell surface antigens in the pancreas tissue for generating an antibody for type |
diabetic patients.

Materials and Methods: In this bioinformatics study, we extracted pancreas-specific proteins from two large
databases; the Human Protein Atlas (HPA) and Genotype-Tissue Expression (GTEx) Portal. Pancreatic-enriched
genes were chosen and narrowed down by Protter software for the investigation of accessible extracellular domains.
The immunohistochemistry (IHC) data of the protein atlas database were used to evaluate the protein expression of
selected antigens. We explored the function of candidate antigens by using the GeneCards database to evaluate the
potential dysfunction or activation/hyperactivation of antigens after antibody binding.

Results: The results showed 429 genes are highly expressed in the pancreas tissue. Also, eighteen genes encoded
plasma membrane proteins that have high expression in the microarray (GEO) dataset. Our results introduced four
structural proteins, including NPHS1, KIRREL2, GP2, and CUZD1, among all seventeen candidate proteins.

Conclusion: The presented antigens can potentially be used to produce specific pancreatic antibodies that guide CAR-
Treg, bi-specific, or labeling molecules to the pancreas for treatment, detection, or other molecular targeted therapy
scopes for type | diabetes.
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Introduction
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While Type 1 diabetes (T1D) is a mostly T-cell-
mediated autoimmune disease, it is defined as a
destruction of pancreatic beta-cells by autoreactive
immune cells. This destruction event results in
lifelong exogenous insulin dependency. The T1D
development is complicated by immunological regulations

and responses, that are accompanied by the key role of
cellular immunity. More precisely, the destruction of
pancreatic beta cells is caused by the invasion of multiple
cells, including clusters of differentiation 4 positive [CD4"]
and CD8" T lymphocytes, B lymphocytes, natural killer
cells, dendritic cells, and other immune cells, which leads
to the incidence of T1D (1). While immunosuppressive
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medications are used to treat autoimmune diseases, they
are not only partially efficient (2), but also They cause
a general immune response attenuation, increasing
susceptibility to infections and malignancies (3). In most
cases, in type I diabetic patients, the balance between
regulatory T cell functions or numbers is upset. Around
a third of pancreatic beta cells are intact and capable of
producing insulin at the time of diagnosis, therefore it
would be a notable strategy to induce a T-cell tolerance
for specific beta-cell antigens (Ag) to prevent further
disease development that is a useful strategy for
identification of individuals at risk of diabetes (4). It
seems that the Bispecific antibodies and chimeric antigen
receptor regulatory T cells (CAR-Treg cells) are two new
implements to reach this goal.

Bispecific antibodies (bsAb) significantly have two
antigen-binding sites. They are made up of two separate
Fragment antigen-binding (Fab) arms or two different
antibodies (Abs) joined by a common Fragment
crystallizable (Fc) region (5). In autoimmune conditions,
bsAbs can be utilized to: i. Deactivate multiple cytokines
or receptors at the same time, ii. Drive cell-cell contacts
between different immune cell populations, and iii.
Cause receptor co-localization on the cell surface (5, 6).
Blinatumomab, a CD19- and CD3-bispecific recombinant
antibody, was the first bsAb to be used in clinical trials
for the treatment of non-Hodgkin’s B cell lymphoma. A
Blinatumomab causes B cells to engage with cytotoxic
T cells. As a result of the interaction between two cells
by bsAb, B lymphoma cells are effectively eliminated,
protective T lymphocytes are expanded, and the majority
of patients have a longer life expectancy (5, 7). In the same
way, pancreatic cell surface antigens can be effective for
producing and using bsAb for the type I diabetic remission.

The immune system has a remarkable capacity to scan
tissues and recognize and clear aberrant and malignant
cells. In contrast, many immune system components, such
as regulatory T cells, can locally modulate the aberrant
immune response against the body’s own cells. Adoptive
immunotherapies utilize and improve the strength of our
immune system against cancerous cells and aberrant
immune responses. Among the wvarious techniques,
chimeric antigen receptors, or CARs, have recently
been of large interest. Recently, many studies have been
developed for using polyclonal Tregs in cell treatment
approaches. They are now being studied in transplant
recipients and patients with autoimmune disorders,
especially in T1D (8). This method has some limitations,
including a few numbers of Treg cells in the peripheral
blood in comparison to other common T cells such as
effector or cytotoxic ones. The use of antigen-specific
modified Tregs has acceptable patient outcomes, because
of their higher ability to generate a response and their
requirement to fewer cells due to their local activity.

Animal model studies have been revealed that antigen-
specific Tregs are functionally superior to polyclonal Tregs.
Currently, in a few investigations genetic engineering has
been used for expressing CAR in Tregs, as it has been
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used for hematological malignancies. Multiple studies
have used various methods to confer antigen specificity
to Tregs, with a focus on CAR-Treg cells. According to
these investigations, CAR-Treg cells are preferable for
type I diabetic patients. The local activity of CAR-Tregs
in the pancreas provides a significant response and needs
fewer cells (9-11). Hence, the pancreatic cell surface
antigens can be used for the production of pancreas-
specific CAR-Treg cells following the generation of
appropriate antibodies (scFvs).

The appropriate beta-cell mass (BCM) is a valuable
indication of the pancreatic proper function. Beta-cells
are destroyed in the T1Ds, leading to a significant drop of
BCM. Due to peripheral insulin resistance and increasing
insulin demand, the BCM decreases slowly and steadily in
people with type 2 diabetes. Surface antigens of beta cells
can be recruited to evaluate the BCM as well as pancreatic
proper function in a non-invasive manner. Some antigens
have been studied in the human brain and pancreas, [11C]
dihydrotetrabenazine (2-hydroxy-3-isobutyl-9-[11C]
methoxy-10-methoxy-1,2,3,4,6,7-hexahydro-11bH-
benzo[a]quinolizine), commonly known as [11C] DTBZ,
was used to investigate the BCM with a positron emission
tomography (PET) in a non-invasive in vivo method.
In another study, researchers showed that the specific
antibodies were bound to beta cells in normal mice but
not to mice administered with streptozotocin (STZ) which
induced BCM loss and diabetes (12). Consequently, the
appropriate beta cell surface antigens accompanied by
their specific antibodies can be used for monitoring BCM
changes in diabetic patients.

As mentioned above, the most preliminary step for the
production of bi-specific antibodies, CAR-Treg cells, or
labeled antibodies for T1Ds is choosing the appropriate
cell surface antigen in the pancreas tissue. The selection
of surface antigens is sensitive from different viewpoints.
First, the cell surface antigen should have an acceptable
expression level in pancreatic cells. This is an influential
event for the potential binding of antibodies or CAR-
Treg cell receptors to the antigen. The antigen frequency
can be surveyed in two levels of RNA expression and
protein expression. Second, according to the length and
three-dimensional structure of the polypeptide chain in
the plasma membrane, the antigen should have enough
accessible extracellular domains. Accessible domains are
important for the potential binding activity of antibodies
or CAR-Treg cells. Third, antigen enrichment in the
pancreas in comparison to other body tissues is another
aspect that should be considered in this regard. This
feature is important in order to make antigens, the least
off-target effect for final products. According to the
binding of antibodies or CAR-Treg cells to other tissues,
off-target events decrease pancreas accumulation of the
final products leading to a decrease their effectiveness.
Moreover, gathering final products in other tissues causes
unpleasant side effects as well. Fourth, the function of the
surface antigen is vital for the pancreatic cells in terms of
inactivation or activation/hyperactivation after antibody



binding.

In the present study, we investigated important
features of pancreatic surface antigens from the genes
preferentially expressed in the pancreas tissues. To reach
the best candidate antigens, we categorized them into two
distinct groups according to their functions: "Structural
proteins" that do not alter their activity after antibody
binding, and "Functional proteins" which can be divided
into two subgroups, water channels and signaling proteins.
Water channels may have less impact on cell behavior
upon antibody binding. In contrast, signaling proteins,
which may bring about substantial changes in normal cell
function due to the gain of function or loss of functions.

Materials and Methods
Data mining

In this bioinformatics study, to find the genes that are
preferentially expressed in the pancreas tissue, candidate
genes were extracted from two different sources, the
Human Protein Atlas (HPA, Karolinska Institutet, 2023,
Sweden) and the Genotype-Tissue Expression (GTEx)
project (Broad Institute, 2021, USA) (13). The protein
atlas database has an RNA dataset that was utilized to
group genes based on their expression in different tissues.
The clustering of 19019 genes which are expressed in
different tissues led to obtain 87 expression groups. The
groups were manually annotated to explain functional and
specificity properties. The HPA is divided into 10 parts,
each of which focuses on a different component of the
genome-wide investigation of human proteins.

The protein distribution throughout all major tissues and
organs in the human body is shown in the Tissue section
of Protein Atlas tool) https//:www.proteinatlas.org/
humanproteome/tissue). Pancreas high-expressed genes
as well as genes that are only detected in the pancreas
tissue were extracted from the Protein Atlas database.

The GTEx project is a long-term program aimed at
preparing a comprehensive free source for investigating
gene expression in body tissues as well as their gene
regulations. Nearly 1000 people had samples taken from
54 non-diseased tissue locations, largely for molecular
omics such as Whole Genome and Exome Sequencing
(WGS and WES), and RNA-Seq data. The GTEx Biobank
has also the remainder of the samples. The GTEx Portal
makes data available such as gene expression, QTLs,
and histology pictures. The 100 top genes expressed in
the pancreas were got from GTEx and added to the genes
which were extracted from the protein atlas database. The
names of candidate genes were converted to ensemble
ID by BioMart (https://www.ensembl.org/biomart) and
prepared in the Ext. data format. The files were used as
input materials for the consequent analysis (14).

Calculating tissue-specific gene enrichment using
"TissueEnrich" tool

The TissueEnrich is an R-based package that finds gene
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enrichment in the body tissues from a set of input genes.
Using TissueEnrich, tissue-specific genes were identified
through the HPA methodology to analyze RNA-Seq data
from the Human Protein Atlas, GTEx, and ENCODE
projects (15). To evaluate if tissue-specific genes were
enriched among the input genes, the hypergeometric test
was performed. In addition, the TissueEnrich package also
was used to identify enrichment through user-supplied
expression datasets, which subsequently led to computing
tissue-specific gene enrichment parameters such as exact
P values.

The TissueEnrich package uses RNA Sequencing
results from the HPA, GTEx, and ENCODE database to
identify gene enrichments in tissues. This package only
employed tissues with two biological replicates to have
strong estimating. The following datasets were employed
in this tool: i. RNA Sequencing results from human tissues
(n=35) in the HPA Database, ii. RNA sequencing results
from human tissues (n=29) in the GTEx Database, and iii.
RNA sequencing results from mouse tissues (n=17) in the
Mice ENCODE Dataset (16).

Tissue-specific genes definition in HPA were categorized
as follows:

Genes having an expression level greater than one
[Transcript Per Million (TPM) or Fragments per kilobase
of transcript per million mapped fragments (FPKM)] as
well as minimum five-fold expression levels in a specific
tissue in comparison to all body tissues were referred to
as "TissueEnriched". Genes having an expression level of
more than 1 (TPM or FPKM) that also had at minimum
five-fold expression levels in comparison to all body
tissues were considered to as "Group Enriched". Genes
having an expression level over 1 (TPM or FPKM) and
minimum five-fold expression levels in a specific tissue
in comparison with the average levels in all body tissues
but were non-TissueEnriched or non-Group Enriched
was referred as a "TissueElevated". To employ the
TissueEnrich package, the R programming language (R
v4.1.1 for Windows) and RStudio-Integrated Development
Environment (IDE)- (RStudio 1.2.5042) were installed.
The package was acquired from the Bioconductor
version, Release 3.14, and added to the R program. Four
hundred twenty-nine input genes were prepared as an Ext.
data format and located in the program work directory
(setwd). The command codes were written and run in the
RStudio environment. Just the Tissue Enrich function of
the software was used for a gene expression analysis. The
resulting data were evaluated according to the suggested
pipeline.

Evaluation RNA expression level of transmembrane
proteins by using microarray analysis from the GEO
dataset

The Output of the Tissue Enrich tool was analyzed
to select the genes that encode plasma transmembrane
proteins which can be targeted as pancreatic cell surface
antigens. For this aim, the information on total human
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transmembrane proteins was extracted from the HPA
(Karolinska Institutet, 2023, Sweden). The correspondence
between the total transmembrane and output proteins
of Tissue Enrich was achieved using the Barc software
(Bioinformatics and Research Computing, Massachusetts
Institute of Technology, 2023, USA). To confirm the
expression of plasma membrane genes in beta and acinar
cells, microarray data of 3 samples were investigated again.
For this aim, microarray raw data of acinar and beta cells,
adipose tissue, heart, small intestine, diaphragm tissues,
bone marrow, and spleen were downloaded from the GEO
dataset (accession No. GSE24207). Data were analyzed
by using "affy", "Affymetrix HG-U133A" and "annotate"
packages from Bioconductor version Release 3.14 in the
R programming language (R v4.1.1 for Windows).

Evaluation of accessible extracellular domains

To evaluate the accessible extracellular domains of the
plasma membrane proteins, PROTTER (http://wlab.ethz.
ch/protter/#), an interactive protein feature visualization
software (ETH University, 2023, Switzerland), was used

(17).

Evaluation of gene expression at the protein level

To confirm the protein expression of the candidate
genes, besides the RNA expression, the pancreatic human
proteome of the Protein Atlas database (https:/www.
proteinatlas.org/ENSG00000138161 and https://www.
proteinatlas.org/ENSG00000164756-SLC30AS8/tissue/
pancreas#img - available from v21.0.proteinatlas.org) was
used (18, 19). In this database, a protein profiling has been
done through the immunohistochemistry (IHC) method
and the final images have been deposited. To obtain the
human proteome, protein expression data were extracted
from 44 normal human tissue types. All primary pictures
of the normal tissues IHC profile, as well as scientific
annotations of protein expression stages, have been
provided. The databank has been included 15323 genes
(76%) that antibodies were accessible. The IHC process
has been done according to the standard protocol of the
Protein Atlas database. Briefly, Paraffin slides have been
dried at room temperature overnight (20).

The slides have been deparaffinized in xylene (Cat No.
22-050-283, Thermo Fisher Scientific, Germany) and
graded ethanol (Cat No. 64-17-5, Sigma, USA) to distilled
water before immunostaining. Endogenous peroxidase
has been blocked with 0.3% H,O, plus 95% ethanol.
The Heat-Induced Epitope Retrieval (HIER) has been
performed by heating the slides immersed in the antigen
retrieval buffer (Cat No. ab93684, Abcam, UK) for 4
minutes at 125°C. When the boiling step has been done,
the immunohistochemical staining program has been run
by Autostainer 480® instrument (AUTOSTAINER 480S-
2D 220-240., ThermoFisher Scientific, Runcorn, UK).
The slides have been cleaned in the washing buffer (Cat
No. ab206977, Abcam, UK) and incubated with Ultra
V Block (TA-060-UB, ThermoFisher Scientific, UK)
for 5 minutes. After that, the slides were washed in the
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washing buffer (2X) Or a washing solution (Cat No.
ab252273, Abcam, UK), then incubated with primary
antibody (Thermo Fisher Scientific, Germany) for 30
minutes, and consequently rinsed in the wash buffer
(3X) (Cat No. ab252273, Abcam, UK). Then, the slides
were incubated with labeled HRP antibodies (Cat No.
ab102890, Abcam, UK) for 30 minutes and cleaned
in the wash buffer (2X) solution (Cat No. ab252273,
Abcam, UK). Moreover, slides have been incubated in
3,3’-Diaminobenzidine (DAB) solution for 5 minutes
and bleached in hematoxylin for 7.5 minutes. In the next
step, slides were washed in the lithium carbonate water
(Cat No. ab235613, Abcam, UK) and diluted in 1:5 in the
saturated PBS solution for 1 minutes. Finally, the slides
have been dehydrated in graded ethanol and followed by
coverslips mounted. All reagents are applied at a volume
0f 300 pl per slide and antibody concentrations have been
optimized based on their manufacture data sheets (20).
The DAB labeled antibodies have been used to stain
tissue microarrays, which have been then counterstained
with hematoxylin (Cat No. ab220365, Abcam, UK). With
the exception of the endometrium, skin, soft tissue and
stomach, which are each represented by samples from six
people, each tissue type is represented by samples from
three individuals. Additional tissues have been stained
for chosen proteins, including mouse brain, human
samples of different tissues, including lactating breast,
eye, thymus, and extended adrenal gland, skin, and
brain. Immunohistochemical staining slides from tissue
microarrays have been digitized and uploaded to the HPA
online portal for analysis and presentation. All tissue
samples have been obtained from the Department of
Clinical Pathology, Uppsala University Hospital, Uppsala,
Sweden, as part of the sample collection managed by the
Uppsala Biobank and have been collected and handled in
compliance with Swedish laws and regulations. All tissue
samples have been anonymized in compliance with the
Uppsala Ethical Review Board’s permission and advisory
report. Finally, selected genes were searched by gene
names and IHC images and appendix data were extracted
from the pancreas tissue section.

Investigation of antigen functions using the GeneCards
database

Some cell surface antigens become inactivated or
activated/hyperactivated after targeting. Hence, natural
functions or homeostasis of the target cells can be altered
after binding the antibodies to their surface antigens.
For investigating the functions of selected antigens, the
GeneCards database was employed. Using the GeneCards
database, the candidate proteins were divided into two
groups according to their functional or structural roles.

Statistical analysis

To better discover the tissue enrichment of total
extracted genes, the analysis of the genes was carried
out using the TissueEnrich package. According to the
standard protocol, One-way ANOVA was employed to



measure variances between 35 separate tissue groups for
every single gene. According to the TissueEnrich tutorials,
the threshold of fold changes can be altered as the grade
of tissue specificity of certain genes. The threshold was
set as 4-fold changes by the TissueEnrich tool. In other
words, genes from pancreas tissue-enhanced groups which
reach at least 4-fold expression level in comparison with
the average levels in all other tissues, were considered as
pancreas tissue-specific genes (21).

For investigation of the significance of gene expression
levels with the mean expression level of all genes, the
ANOVA approach was recruited as the most valuable
model for microarray data analysis. The standard
protocol of Benjamini and Hochberg was employed to
measure the gene differential expression (22, 23). The
ANOVA model for microarray data was determined in
two stages. The first stage is the normalization formula
as follows:

yijgr=pt+Ai+Dj+ADij+rijgr
yijgr: logarithm of signal intensity for the ith array

jthdye, gth gene and rth measurement: the overall average
expression level

A: The effect of the array at the measured intensity
D: The effect of the dye
AD: The effect of interaction between dye and array

* The first stage aims to calculate the p term from the
measured intensities.

In the second stage, the effects of factors on the gene
expression were modeled in terms of the normalization
phase as follows:

1ijgr=G+Vgi+DGj+AGi+€ijr

G: The average intensity for a particular gene
AGi: The effect of an array on this gene
DGj: The effect of dye on this gene

€ijr: The residual value

The major interest in the microarray data analysis was
the variety-by-gene (VG) label which represented the
expression level variability among samples for a specific
gene. The VGij was introduced as a ““call parameter” which
in the main cases, is a value of the state corresponding to
the sample for j dye and i array.

Results

Four hundred twenty-nine genes are highly expressed
in the pancreas tissue

To evaluate the pancreatic-specific antigens, proteins
that are preferentially expressed in the pancreas tissue
were detected. For this aim, a data mining method was
carried out for the RNA sequencing expression results
from multiple comprehensive sources. Based on the
protein atlas data source, transcriptome research indicated

Dabiri et al.

that the pancreas expresses 69% of all human proteins
(n=13887/20090), and also 321 of that genes showed an
increase expression level in the pancreas in comparison
with other body tissues. One of the input gene sets for
analyzing pancreatic antigens is the group of 321 genes
that are elevated in the pancreas that were extracted from
the HPA database. Moreover, 8 genes were detected only
in the pancreas which were added to the previous 321
gene set. The top 100 genes expressed from 305 pancreas
samples were chosen from the GTEx source. Totally,
429 genes were prepared as genes that were highly
expressed in the pancreas tissue for the following analysis
(Supplementary File 1, See Online Information at www.
celljournal.org).

Sixty-eight genes have a high preferential expression
in the pancreas in comparison with other tissues

For a better analysis of this 429 genes group, the
TissueEnrich package in the R programming language
was employed. We found that 68 genes (69 of 429)
have a high preferential expression level in the pancreas
tissue. Genes, that showed an expression level of more
than 1 (TPM or FPKM), also had a minimum five-fold
expression levels in the pancreas tissue in comparison
to all body tissues. Among the group of 429 extracted
genes, 24 genes had a moderate to low preferential
expression level in some other body tissues (Fig.1). The
results showed that all 68 genes had a high expression
level in the pancreas in comparison to other body tissues,
while some of them had different expression levels in
some tissues (Fig.2).
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Fig.1: The tissue-specific gene enrichment plot of pancreatic chosen
genes. The graph shows the enrichment expression of 429 genes that
were evaluated in different 35 tissues.
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Eighteen genes encoded plasma membrane proteins
that have enough expression level microarray data
analysis based on GEO database

The output of the TissueEnrich tool, a group of 68 genes,
was analyzed to select the genes that encoded plasma
membrane proteins and could be considered as a pancreatic
cell surface antigen. The results showed that eighteen genes
were encoded proteins that were single or multiple-pass trans
plasma-membrane as well as anchored membrane proteins
(Table 1). To confirm the expression of these genes in the islet
and acinar cells, microarray data (accession No. GSE24207)
of 3 samples were analyzed separately for multiple tissues
including islet cells of the pancreas, acinar cells of the
pancreas, adipose tissue, heart, small intestine, diaphragm
tissues, bone marrow, and spleen. The results revealed that 8
genes have high RNA expression levels in islets in comparison
with the insulin gene, as a positive control gene of pancreatic
beta cells. Also, the results showed that 8 genes have a good
expression level in the pancreatic islet cells. Interestingly,
5 genes that exhibit a strong RNA expression level in the

pancreatic islet cells also have high RNA expression levels
in the pancreatic acini cells in comparison to other tissues

(Fig.3).

Except for SLC30A48, all seventeen candidate genes
encode plasma membrane proteins with enough
accessible extracellular domains

The appropriate cell surface antigen should have enough
accessible extracellular domains for the production
of specific antibodies. Evaluating these extracellular
domains of the plasma membrane proteins, the Protter
software, an interactive protein feature visualization,
was employed. The results showed that most of the
plasma membrane proteins had accessible extracellular
domains for targeting antibodies except for SLC30AS.
The SLC30A8 protein just had intracellular and
transmembrane domains without sufficient extracellular
regions and had to be omitted from the candidate gene list
(Fig.4, Supplementary File 2, See Online Information at
www.celljournal.org).
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Fig.2: The Heatmap plot of pancreas enriched expression genes. The plot showed all 68 genes have a high preferential expression level in the pancreas.
Some genes, such as insulin (INS), were only detected in the pancreas, and some others, such as Glycine Amidinotransferase (GATM), had a basic

expression level in other body tissues.
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Fig.3: RNA expression level of plasma membrane proteins of the pancreaticislet cells and other tissues. Islets of the pancreas, acinar cells of the pancreas,
adipose tissue, heart, small intestine, diaphragm tissues, bone marrow, and spleen tissues were evaluated by microarray data analysis (accession No.
GSE24207). All 8 candidate genes have acceptable expression levels in the Pancreas beta cells. Five genes also have a good expression level in the Pancreas
acini cells. The results showed that AQPS8, CUZD1, GP2, SLC30A8, SLC39A5, and PTPRN genes were significantly expressed in the Pancreatic islet and acini
cells. Also, the data showed that GRPR and NPHS1 were not significantly expressed in the Pancreas islets and acini cells in compression with other tissues.
According to the results of analysis, P Value of AQP8, CUZD1, GP2, SLC30A8, SLC39A5, and PTPRN genes were 3x103, 5x10°°, 7x10°°, 3x10”° and 2x107,
respectively. ****; P<0.0001, **; P<0.01, and ns; Not significant.

Table 1: Different functional and structural proteins among selected pancreatic surface antigens

Functional proteins

Structural proteins

Gene name Function in the pancreas Gene name Function in the pancreas
SLC3945 Zinc transporters NPHS1 Cell adhesion molecules
SLC3048 Zinc-eftlux transporter KIRREL?2 Cell adhesion molecules. The encoded protein localizes to
adherent junctions in pancreatic beta cells and regulates
insulin secretion.
SCTR G protein-coupled receptor and belongs to GP2 Integral membrane protein associates with the plasma
the glucagon-VIP-secretin receptor membrane via glycosylphosphatidylinositol (GPI) linkage
KCNK16 Potassium channel proteins CUZDI Localized to zymogen granules, where it functions in
trypsinogen activation (by similarity). May indirectly
regulate cell motility, cell-cell and cell/extracellular matrix
interactions
IL22RA1 Cytokine receptor
GRPR Receptor for gastrin-releasing peptide
GPRI150 Rhodopsin-like family of G-protein-coupled
receptors
CFCl1 Member of the epidermal growth factor
which are involved in signaling during
embryonic development
CCKBR G-protein coupled receptor for gastrin and
cholecystokinin (CCK)
AQPS Aquaporins facilitate the transport of
water and small neutral solutes across cell
membranes
AQPI2B Aquaporin
AQPI24 Aquaporin
PTPRN Protein tyrosine phosphatase receptor type N
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Seventeen candidate proteins are highly expressed in
the pancreatic tissue and localized in the cytoplasm/
plasma membrane area

To validate the expression of the candidate antigens at
the protein level, the IHC data of the pancreatic tissue
from the HPA database were used. The results of normal
pancreas tissue sections illustrated that five genes of these
ten genes, including GP2, CUZDI, AQP124, AQPI12B,
and SCTR, had a high protein expression level in the
exocrine cells of the pancreas. In addition, three genes,
including CFCI, KIRREL?2, and PTPRN, showed a high
expression level in the pancreatic endocrine cells. Based
on the IHC data from the protein atlas database, three
other genes, including GPR150, AQPS8, and NPHS1, were
highly or moderately expressed in both endocrine and
exocrine cells at the protein level. Interestingly, IHC data
revealed that all selected antigens were localized in the

cytoplasm or plasma-membrane (Fig.5, Supplementary
File 3, See Online Information at www.celljournal.org).

Four structural proteins were among all seventeen
candidate proteins

After interaction with antibodies, several cell surface
proteins become inactivated or activated/hyperactivated.
As a result, the target cells homeostasis, and regular
functions were disrupted. However, appropriate surface
antigens should not have vital functions for natural cells.
For the investigation of the functions of the candidate
antigens, the GeneCards database was used. Finally, the
antigens were categorized into two groups "Functional
genes" and "Structural genes". Among all antigens,
NPHS1, KIRREL2, GP2, and CUZD1 were structural
proteins that will be less affected after an antibody
binding.
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Fig.4: Two examples of the Protter outputs of candidate plasma membrane antigens. A. The results showed that glycoprotein 2 (GP2) had an extracellular
domain of about 510 amino acids which binds to the plasma membrane by a glycosylphosphatidylinositol (GIP) anchor. B. In comparison, the SLC30A8
protein did have not an adequate extracellular domain (just about 15 amino acids) for being targeted by antibodies or immune Treg cells.
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HPA068660 Sample

Female

Age: 45

Pancreas normal tissue
(M-00100),

Patient ID: 2295

Exocrine granular cells

Staining: High

Intensity: Strong

Quality: >75%

Location:
Cytoplasmic/Membranous

Pancreas endocrine cells

Staining: Not detected
Intensity: Negative
Quality: Non
Location: Non

HPA076165 Sample

Female

Age: 58

Pancreas normal tissue
(M-00100),

Patient ID: 5075

Exocrine granular cells

Staining: Not detected
Intensity: Negative
Quality: Non

Location: Non

Pancreas endocrine cells

Staining: High

Intensity: Strong

Quality: >75%

Location:
Cytoplasmic/Membranous

Fig.5: Two examples of immunohistochemistry (IHC) images and localized
area for candidate antigens. A. IHC data showed that the CUZD1 protein
had a high expression in the pancreas exocrine cells and displayed a
cytoplasmic/membranous subcellular localization. B. IHC data showed
that the SLC30A8 protein had a high expression in the pancreatic islet
endocrine cells and showed a cytoplasmic/membranous subcellular
localization. Red arrows indicate the islets of Langerhans, endocrine
cells including insulin-producing beta cells, and green arrows reveal the
exocrine cells, including acini.

Discussion

As mentioned earlier, in T1Ds, insulin-producing beta
cells are destroyed by the patient’s immune cells. Since
in most cases, about one-third of beta cells are healthy
at diagnosis, preventing immune system attack can lead
to the disease avert through repairing pancreatic tissue.
Some strategies have been proposed and used to suppress
the immune system in T1Ds, but approaches that do it
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locally are preferred. Therefore, one of the main strategies
is targeting pancreatic cells which become desirable
recently and is of significant importance (24). In this
study, to investigate comprehensively the total antigens
of pancreatic tissues to achieve the appropriate surface
antigen to target beta cells in T1Ds, bioinformatics
systems, and comprehensive databases were employed.
Overall, a suitable antigen should have three main features,
as follows: i. Having high and preferential expression in
pancreatic cells, ii. Having enough accessible extracellular
domains, and iii. Not having any critical function that
affects the natural behavior of the cells after being
targeted. It can be said with almost certainty that there
is no antigen in the body tissues that possesses all the
desired features (25). So, the candidate antigens should
be investigated more carefully in different aspects.

Muraro et al. (26) developed a platform that captured
the transcriptomes of pancreatic cells obtained from
dead organ donors by using FACS and the CEL-Seq2
protocol. They presented the top 10 expressed genes
in islet cells, including alpha, beta, delta, and PP cells.
Among all 40 genes that Muraro et al. (26) presented, 8
genes were contained within our list of 429 genes set. The
other 32 genes they presented were either intracellular
or expressed in other body tissues. Therefore, they were
not appropriate biomarker as specific surface antigens.
Other authors also used a single-cell RNA sequencing
approach to assess the transcriptomes of 12,000 separate
pancreatic cells from four different human pancreases.
They represented 15 pancreas marker genes, five of which
are included in our list of 429 genes set. The remaining 10
proteins (10/15) were intracellular or expressed in other
body tissues. Hence, as before, they were not suitable as
specific surface antigens (27).

The SLC30AS8, also known as ZnT8, is a transporter
protein efflux zinc. In the secretory granules of insulin, the
encoded protein co-localizes with an insulin structure in
beta cells. Having multi-pass transmembrane helices and
not having any accessible extracellular domains make this
antigen unsuitable for targeting by antibodies (27). The
NPHS1 gene encodes a protein for cell adhesion from the
immunoglobulin family that plays a role in the kidney’s
glomerular filtration barrier. Based on the protein atlas
database, the protein expression level of NPHS1 antigen
was low in the pancreas but high in kidney tissues,
particularly in the glomeruli cells (28). Due to the potential
the antibodies of the renal off-target, it is less suitable.
The KIRREL2? gene also encodes a transmembrane
protein which is one of the immunoglobulin superfamily
of cell adhesion molecules (29). This protein controls the
insulin secretion by binding to adherent junctions in the
pancreatic beta cells. The protein expression level of this
gene, based on the protein atlas database, for pancreatic
exocrine glandular cells is high, although in the kidney
tissue, particularly in the tubule cells, is low. Therefore,
it seems to be a more suitable biomarker than NPHS! for
the pancreatic tissue targeting. The GP2 gene encodes
an inherent plasma membrane protein that forms a
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glycosylphosphatidylinositol (GPI) connection with the
plasma membrane (30). According to our IHC finding
of the protein atlas database, the GP2 has a high protein
expression level in the pancreas tissue. It seems to be a
suitable aim for acinar cells targeting in comparison with
other antigens in the pancreas. The CUZDI is a protein
found in zymogen granules that aids in the activation
of trypsinogen (31). Cell motility, cell-cell, and cell-
extracellular matrix interactions may all be influenced
indirectly. Based on pancreatic expression protein levels,
it is another suitable potential target of exocrine cells in
the pancreas.

Several studies by subjects similar to the present
investigation were done yet. One of them is the research
that was completed by Bausch-Fluck et al. (32). They
employed a machine-learning method that find specific
domains of proteins to make a prediction software
based on the transmembrane topology that predicts the
surface proteins (33). Their goal was only highlighting
overexpressed surface proteins of cancer cells. They
developed an RNA sequencing analyser software named
Qsurface that extracts the data from the Cancer Genome
Atlas (TCGA) database as inputs and at the end presents
surface proteins. The limitation of their method was that
the Qsurface just uses gene expression at RNA levels
and doesn’t regard protein expression since it is a more
important attribute. Two other similar studies were done
by Pont et al. (34) and Orentas et al. (35). In the first
gene expression effort from microarray, databases were
employed to find surface antigens for the Hematological
Malignancies immunotherapy. In the second, an algorithm
was written based on the tumour cell gene expression
to capture the surface antigens of cancerous cells. Both
investigations were about cancers, not normal tissues, and
used just RNA expression, not proteins. In the present
study, about some gene cases such as AQPS, CUZD1, GP2
and SLC3945, it seems to be a mismatched expression in
protein and RNA levels. This matter can be due to many
causes. The stability of the transcript, translation rate of
the transcript, stability of translated polypeptide as well as
the association of multi-subunit protein components are
the main reasons for different RNA and protein expression
of the same genes. Our results showed that PTPRN and
SLC30A48 genes have RNA expression just in islet cells.
Our present finding revealed that AQPS, CUZDI, GP2,
and SLC39A45 genes express in the RNA level in both
islets and acini cells. It seems that the only transcript of
these genes is functional protein in the cells, although
their amount is not enough for an IHC assay. The affinity
of a specific antibody which used in the IHC assay also
is important to detect the low-level expression of the
proteins in the cells. On the other hand, several studies
confirmed the RNA expression of AQPS, CUZDI, GP2,
and SLC39A45 genes in both islets and acini cells (36).

There are some limitations to the pipeline introduced
in the presented study. One of them is that the PTPRN
protein plays a role in vesicle-mediated secretory
processes and was categorized as a "functional" group
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antigen, hence it is "structural” group antigen after the
fusion of vesicles to the plasma membrane. On the other
hand, what makes this protein less suitable antigen, as
a surface antigen, is that the most of its extracellular
domains are cut and separated before the vesicle fuses
with the plasma membrane. This cutting phenomenon
can be found just in the literature but not in expression
databases. Evaluating all features of selected antigens
for future practical investigations, the literature should
be considered besides the bioinformatics (37). Another
limitation of this investigation is that the categorizing of
the candidate antigens was not absolute .Hence, among
functional proteins, there were antigens that were less
affected when were banded, and conversely, antigens
that were highly affected. For example, receptors
involved in signaling pathways or G protein-like
receptors (e.g., SCTR, GPR150, CCKBR), hormone or
cytokine receptors (e.g., IL22RA1, GRPR, CFC1, and
CCKBR), and specific ion transporters or channels (e.g.,
SLC39A5,SLC39A8, and KCNK 16) are greatly affected
if targeted by antibodies. In contrast, water channels
(e.g., Aquaporin), since they are more abundant, may
not cause major problems upon some of them being
blocked by binding antibodies in their overall function
of the cells (38). Hence, the proteins just categorized as
two ‘Functional’ and ‘Structural’ groups that should be
evaluated in more detail in individual cases. However,
the candidate surface antigens presented in this study
can be recruited to develop the potential monoclonal
antibodies as well as recombinant antibody fragments
such as scFvs for binding to the pancreatic beta cells in
the strategies to overcome type I diabetes disease.

Conclusion

One effective way to treat the TIDs is a local
suppression of the immune system to prevent it from
invading insulin-producing cells. The first and perhaps
most important step in local inhibition is to find the proper
antigens to target pancreatic tissue cells. Therefore, in
this study, we evaluated the antigens of pancreatic tissue
cells comprehensively. Based on our results, 18 genes
encoded plasma membrane proteins on pancreatic cells,
of which, NPHS1, KIRREL2, GP2, and CUZD1 antigens
are structural and probably more suitable for targeting.
In addition, water channel proteins (Aquaporins), despite
being a functional channel protein, can be used as target
antigens. However, the proposed antigens or any other
antigen needs to be verified using experimental and
laboratory work to prove that the antigen is suitable for
targeting. In addition, the antibody type, affinity, and
specificity are very important factors for developing an
efficient treatment.
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