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Abstract
Objective: Many current Diabetes treatments cause broad-based immunodeficiency, though future organ-

specific therapies may be developed by exploiting genotypic differences found in regulatory T cell (Treg) 
subpopulations. This study goaled to determine genes preferentially expressed in pancreatic Tregs relative to other 
Treg subpopulations, tissues, and immune cells to serve as targets in Diabetes therapy. 

Methods: Multi-step microarray analysis using GenePattern Software identified genes specific to pancreatic 
Tregs relative to Tregs in other tissues and to other immune-cell populations. Functional analysis of identified genes 
was performed using BioGrid and String Databases. Microarray datasets (n=2236) curated from the NCBI GEO 
database were processed (via RMA normalization, outlier-array exclusion, and global median transformation) to 
confirm the specificity of these genes to the pancreas, while further microarray comparisons (in R programming 
language via Mas-5 normalization, log2 transformation, and “trimmed mean” algorithm) were performed to confirm 
the link of the identified genes to diabetes pathogenesis. 

Results: Initial microarray analysis identified genes specific to pancreatic Tregs, with the top three genes 
(Clps, Pnliprp1, and Pla2g1b) expressed at values 23x, 12x, and 7x higher in pancreatic Tregs than in other Treg 
subpopulations (p<0.05). Further analysis revealed that the pancreatic gene expression of the identified genes 
was almost triple that of other tissues (n=29), while comparisons among other immune-cell types indicated that 
these genes were expressed 32x, 12.8x, and 7.5x higher, respectively, in pancreatic Tregs than in other immune 
cell-types, eliminating the possibility of augmenting the autoimmune response in future treatments. Diabetic vs. 
nondiabetic microarray analysis confirmed the link of these genes to Type 1, but not Type 2, Diabetes.

Conclusions: Future Diabetes therapies should target these genes to solely regulate pancreatic Treg levels, 
avoiding the broad-based immunosuppression caused by current therapies. However, gene knockout studies should 
be performed to further validate the functionality of the identified genes.
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Introduction
Diabetes affects approximately 347 million individuals worldwide 

[1], and is only predicted to become more prevalent in the upcoming 
years, affecting potentially 1 in 3 individuals by 2050 [2]. Multiple micro- 
and macrovascular complications result from diabetes, including 
retinopathy, nephropathy, and cardiovascular disease [3], increasing 
the already staggering mortality rates; Diabetes is predicted to be the 
7th leading cause of death in the world by 2030 [4]. Additionally, in 
2012, Diabetes cost the United States $245 billion, marking a 41% 
increase in funding in 5 years [5].

Several immunosuppressive treatments, notably calcineurin 
inhibitors such as cyclosporine and tacrolimus, have been developed 
to help suppress effector T cells (Teffs), which trigger the autoimmune 
response in Type 1 Diabetes [6]. Yet immunosuppressive treatments 
are not specific to the autoreactive Teffs responsible for autoimmunity, 
and often result in complete immunosuppression and increased 
susceptibility to common diseases (Figure 1) [7,8].

In recent years, regulatory T cells (Tregs) have gained much 
popularity as a potential treatment option for immune disease due 
to their role in suppressing the autoreactive Teffs [9]. Tregs function 
through a variety of means, including via secretion of inhibitory 
cytokines (i.e. IL-10 and TGF-β), deprivation-mediated apoptosis 
of effector T cells through IL-2 cytokine depletion, and modulation 
of antigen-presenting cells through CTLA-4 protein interactions, 

to regulate autoreactive Teffs and thus prevent pancreatic beta cell 
apoptosis [10]. Yet contrary to widespread belief, a groundbreaking 
paper by Feurer and colleagues in 2010 revealed that Tregs are not a 
homogeneous population of T cells but rather have slightly different 
phenotypes based on differing anatomical locations [11]. The expression 
of distinct genes results in unique functions of each Treg subpopulation. 
For example, overexpression of Areg in muscle Tregs results in a 
unique ability to secrete the anti-inflammatory cytokine amphiregulin 
in response to acute injury [12]. By exploiting this relatively new 
discovery, it may be possible to stimulate only one subpopulation of 
Tregs by targeting a specific gene or protein that is unique to that type 
of Treg, while leaving the remaining Treg subpopulations undisturbed 
and thus preventing broad-based immunosuppression. 

This study goaled to: (1) identify a means of selectively targeting 
pancreatic Tregs, without influencing Tregs in other anatomical 
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locations, (2) identify genes preferentially expressed within pancreatic 
Tregs, relative to other Treg subpopulations, other immune-cell types, 
and other tissues in the body, and (3) determine the importance of such 
preferentially expressed genes in modulating Treg suppressive ability.

Methodology
Initial gene screening

Normalized microarray data containing gene expression values for 
eight different populations of Tregs (pancreas, colon, adipose tissue, 
muscle, and corresponding splenic Tregs) were obtained from the 
Immunological Genome Project Consortium [13]. To eliminate genes 
(1) not capable of impacting cellular function, and (2) expressed on all 
Treg types, the dataset was filtered for genes possessing a significant 
expression value (>100) and a substantial fold change (>2) when 
compared to a tissue’s splenic counterpart [14] using Microsoft Excel 
(Version 14.0). The splenic counterparts provide a baseline Treg gene 
signature, as these splenic Tregs have not yet developed specific gene 
signatures resembling those of localized Treg subpopulations [12].

Selection refinement

Volcano plots displaying fold-change differences and p-values for 
the filtered genes were generated using Multiplot Studio (version 1.5.2) 
on GenePattern software (Version 3.8; Broad Institute). Data outputs 
were filtered according to established criteria (coefficient of variation 
<0.07, p<0.05, fold change >2) [14]. A heatmap was created with the 
remaining genes through Hierarchical Clustering (Version 6.0) on 
GenePattern. Heatmaps were used to identify genes with significant 
preferential expression in pancreatic Tregs compared to other Treg 
subpopulations (fold change >2 in pancreatic Tregs and fold change ≤0 
in all other tissues) [15].

Verification of gene function 

Functional analysis of the remaining genes (n=11) was performed 
using BioGrid (version 3.2) [16] and GeneMANIA (version 3.1) [14] 
databases and through previous literature review. Gene function was 
investigated for elimination under the following criteria: (1) genes not 
directly associated with Treg survival or suppressive ability, (2) genes 
not expressed in humans and only expressed in Mus musculus, and (3) 

genes not encoding for an extracellular protein and thus not targetable 
in a non-invasive manner. 

Expression verification among all tissues

The NCBI GEO microarray database was manually curated for 
relevant microarray datasets, according to previously established 
criteria [15]: (1) Microarray data must be available from Homo sapiens, 
(2) Data must be obtained from normal (non-diseased) tissues, (3) Data 
must be obtained from tissues that are untreated and not-cultured in-
vitro, and (4) Microarrays must be run on the HG-U133A microarray 
platform. The raw data sets were then categorized by tissue, and a 
Robust-Multi Average (RMA) normalization algorithm was applied to 
the data via RMAExpress Software (Version 1.1.0) to reduce technical 
variations across different microarray samples. The data was filtered 
for outlier arrays by calculating a resistant z-score for each probe in a 
given array, and then excluding those arrays where over 15% of probes 
had a resistant z-score greater than 3. A global-median transformation 
was then applied to the data, allowing comparisons between different 
microarray samples and tissues (Figure 2) [15,16].

Expression verification among other immune cell types

Microarray datasets for a variety of immune cells (B-cells, 
T-helper cells, Naive T-cells, Natural Killer Cells, Dendritic Cells, 
Monocytes, Macrophages, and Neutrophils) were obtained from the 
Immunological Genome Project Consortium [13]. Expression values 
for each of the remaining genes (n=3) were compared between each 
cell-type and pancreatic Tregs in order to determine preferential 
expression among pancreatic Tregs relative to other immune infiltrates 
found in the pancreas of a diabetic individual; Statistical significance 
was calculated via Student’s t-test, and a p-value <0.05 was considered 
statistically significant.

Diabetic vs. non-diabetic islet comparisons

Raw microarray data was downloaded from the NCBI GEO 
database for the islets of Type 1 Diabetic individuals, Type 2 Diabetic 
individuals, and normal-control patients. The data was then input into 
the Bioconductor Package (Version 3.0) in R programming software 
[17], and the data was normalized by applying a MAS-5 normalization 
algorithm and log2 transformation to the expression values [18]. 
A trimmed mean algorithm was then applied to the data to allow 
comparisons between different microarray samples.

Figure 1: Impacts of current treatments on Treg levels in diabetes and 
immunosuppression. Current Treatments targeting the Treg deficit in the 
pancreas unintentionally upregulate the amount of Tregs in the entire body 
causing severe immunodeficiency. 

Figure 2: Overview of normalization methodology [15].
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Identification of functionally significant genes

Functional analysis of the top 11 genes reveal that the genes Clps, 
Pnliprp1, and Pla2g1b likely influence the suppressive ability of Tregs 
with regards to Diabetes (Table 2).

Comparisons against other tissues

The relevant datasets curated from the NCBI GEO database 
(n=2236) were classified by tissue (n=29), and comparisons between 
pancreatic levels of the identified genes and other tissues confirmed the 
uniqueness of these genes to pancreatic Tregs (Figure 5). 

The average expression levels of Clps were 217.10 AU in pancreatic 
Tregs vs. only 102.97 AU in the other tissues of the body (p<0.05). 
Similarly, the expression levels of Pnliprp1 were 202.66 AU in 
pancreatic Tregs vs. an average of 93.54 AU in other body tissues and 
Pla2g1b expression levels were 210.49 AU in the pancreas vs. 78.13 AU 
in other tissues (p<0.05). 

Expression verification among other immune cell types

Clps, Pnliprp1, and Pla2g1b were then compared to other cell-
types found in the pancreas of diabetic individuals (B-cells, T-helper 

Results 
Initial gene screening and selection refinement

An original pool of 24,000 genes was surveyed. Initial screening 
identified 142 genes of interest (Figure 3A). The majority of genes were 
expressed in multiple Treg subpopulations (Figure 3B), with only 11 
being significantly expressed among solely the pancreatic Tregs (Table 
1). The 11 uniquely expressed genes were used in further functional 
analysis.

Preferential expression verification

Gene expression profiles for the 11 identified genes confirmed 
significant overexpression in the pancreatic Tregs relative to all other 
subpopulations (Figure 4). Clps, Try10, and Pnliprp1 possessed the 
highest relative expression values, with an average expression of 2,010 
AU in pancreatic Tregs vs. an average of only 79 AU in the remaining 
Treg subpopulations (p<0.05).

An intensive literature search was then performed on these 11 
remaining genes to determine which genes would serve as the best 
candidates for future drug targeting. 

Figure 3: Initial identification of differentially expressed genes in pancreatic Tregs Selected genes are unique to pancreatic Tregs relative to other Treg 
subpopulations (A) Treg genes (Boxed and highlighted red; n=142) are unique to pancreatic Tregs relative to splenic counterpart Tregs (p<0.05). (B) Try10 and Clps 
possess significant overexpression in the pancreas relative to all other Treg subpopulations (p<0.05).

Probe Set ID Symbol Gene Name
10412218 Gzmk Granzyme K
10432652 Cela1 Chymotrypsin-like elastase family member 1
10449467 Clps Colipase, Pancreatic
10464313 Pnliprp1 Pancreatic Lipase-related Protein 1
10497831 Ccna2 Cyclin A2
10518050 Cela2a Chymotrypsin-like elastase family member 2A
10518059 Ctrc Chymotrypsin C (Caldecrin)
10524698 Pla2g1b Phospholipase A2, Group 1B
10537638 Try10 Trypsin 10
10537650 Prss1 Protease, Serine, 1 (Trypsin 1)
10544333 Try5 Trypsin 5

Table 1: List of differentially expressed genes in pancreatic Tregs: Genes (n=11) were selected from the heat map if they possessed a fold-change > 2 in pancreatic Tregs 
and ≤ 0 in other Treg populations.
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cells, Naive T-cells, Natural Killer Cells, Dendritic Cells, Monocytes, 
Macrophages, and Neutrophils). Comparisons of gene expression 
values revealed that the three genes were expressed in very small 
amounts among other immune cells. 

Whereas Clps possessed an average expression value of 4121.4 
AU on the surface of pancreatic Tregs, its average expression value 

among the other cell-types was only 125.6 AU, indicating a 32x greater 
expression in the pancreatic Tregs (Figure 6A). Similarly, Pnliprp1 had 
an average expression value of 313.1 AU on the surface of pancreatic 
Tregs as compared to an average expression value of 24.4 AU on the 
surface of the other cell types, marking a 12.8x difference (Figure 6B). 
Pla2g1b also possessed an average expression value of 658.8 AU in 

Figure 4: Expression profile comparisons of Clps, Pnliprp1, and Try10 pancreatic genes. Expression values were replicated in triplicate for each cell type 
population. Profiles generated for Clps, Pnliprp1, and Try10 confirmed their unique expression in pancreatic Tregs as compared to all other Treg subpopulations (p 
<0.05).

Figure 5: Gene Expression levels of identified genes (Clps, Pnliprp1, and Pla2g1b) in pancreas vs. other tissues. Comparisons amongst 29 other tissue types 
revealed that the chosen genes are expressed in significantly higher levels in the pancreas relative to other tissues in the body.*p<0.05.

Gene Primary Function Link to Tregs? Link to Diabetes?

Gzmk [14,16] Induces macrophages to secrete IL-1β (pro-
inflammatory

IL-1β facilitates conversion of Tregs to Tregs to IL-17 
cells No

Cela1 [16] Necessary for differentiation of pancreatic 
exocrine cells No Signaled downstream of Nkx2.2; Nkx2.2 

mutation Nkx2.2; Nkx2.2 mutation death

Clps [19-23] Necessary for efficient dietary lipid & 
triglyceride hydrolysis Mutations→Fatty Acid disruptions Mutations→increased T2D susceptibility

Pnliprp1 [21] Necessary for efficient triglyceride 
hydrolysis Mutations→Fatty Acid disruptions Knock-out→increased weight gain & severe 

insulin resistance (T2D)

Cela2 [16] Linked to pancreatic proelastase II enzyme 
activity No No

Ctrc [14,16] Linked to trypsinogen activation Trypsinogen hydrolyzes proteins, may play role in Treg 
function No

Pla2g1b [19-21] Necessary for efficient lipid hydrolysis & fat 
absorption

Mutations→Fatty Acid disruptions can cause Treg 
membrane alterations & result in cell death

Pla2g1b -/- mice are protected from insulin are 
protected from insulin obesity

Prss1 [14] Linked to trypsinogen activation alterations & result in cell death hydrolyzes proteins, 
may play role in Treg function No

Table 2: Functional analysis of top 11 preferentially expressed genes: Gene function & location was determined based on intensive literature search of journals & databases 
(BioGrid & GeneMania). The genes Try5 and Try10 were not included as they are only expressed in Mus musculus, and Ccna2 was not analyzed as its proteins are only 
expressed in the nucleus.
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pancreatic Tregs compared to an average expression value of only 87.6 
AU on the other immune cells, a 7.5x greater fold change (Figure 6C). 

Diabetic vs. non-diabetic islet comparisons

Microarray comparisons between Type 1 Diabetics and normal 
controls revealed that there is a significant difference in gene expression 
levels between the two groups, with all three selected genes significantly 
overexpressed in the diabetic islets (p<0.05; Figure 7A). However, 
microarray analysis revealed that there is no significant difference 
in expression levels between Type 2 diabetic islets and control islets 
(Figure 7B). 

Discussion
Primary findings: The data identify three genes (Clps, Pnliprp1, 

and Pla2g1b) that are specific to pancreatic Tregs. The genes are not 
found on other Treg subpopulations nor in other tissues in the body, 
allowing for future therapies to reverse pancreatic autoimmunity 
while avoiding broad-based immunosuppression. Comparisons 
against other immune-cells confirm that the targeting of such genes 
will not impact any immune infiltrates that might be residing in the 
pancreas of a diabetic individual, and will thus not risk augmenting 
the autoimmune response. Further comparisons against diabetic islets 
reaffirm that the genes are implicated in Type 1 Diabetes pathogenesis, 
yet the insignificant differences between Type 2 Diabetic and normal 
islet controls suggest that the genes are not implicated in Type 2 
Diabetes development. However, this link between the genes and 
Type 2 Diabetes is expected, as Type 2 Diabetes is caused by obesity 
and insulin resistance, not autoimmunity, and thus the immune 

composition of both type 2 diabetic islets and normal islet controls 
should be relatively similar.

Potential mechanism of gene-treg interactions 

Pnliprp1, Clps, and Pla2g1b impact diabetes development and 
insulin-resistance in individuals, likely influencing Treg function with 
regards to diabetes.

Pnliprp1 knockout mice experienced increased weight gain, higher 
fat mass, and severe insulin resistance compared to wild-type controls 
[19]. This most likely results from altered triglyceride hydrolysis in 
the absence of Pnliprp1. Similarly, arginine-to-cysteine mutations in 
Clps have been associated with increased Type 2 Diabetes susceptibility 
[19]. Such mutations also hinder triglyceride hydrolysis, resulting in 
inefficient fat digestion and a decrease in free floating fatty acids [20-23]. 
Conversely, Pla2g1b may foster diabetes development in individuals 
[19], as previous results indicate that Pla2g1b -/- mice are protected 
from insulin resistance, diet-induced obesity, and hyperlipidemia 
[20,21]. This is a result of inadequate phospholipid hydrolysis, which 
hinders lipid digestion and fat absorption, but also results in reduced 
numbers of fatty acids [24,25].

The decreased numbers of free floating fatty acids resulting 
from alterations in Pla2g1b, Pnliprp1, and Clps may alter the plasma 
membrane of Tregs, either through affecting receptor molecules on the 
surface of these cells or disrupting the intracellular signaling processes 
that drive Treg cell survival or suppressive processes (Figure 8) [26,27].

This conclusion linking Pnliprp1, Clps, and Pla2g1b to the 

Figure 6: Expression profiles of Pnliprp1, Pla2g1b, and Clps in pancreatic Tregs vs. other immune cell-types. Expression values of (A) Pnliprp1, (B) Pla2g1b 
and (C) Clps are significantly higher on the surface of pancreatic Tregs relative to other immune cell-types (B-cells, Helper T-cells, Naive T-cells, NK Cells, DCs, 
Monocytes, Macrophages, and Neutrophils; n=1). NK cells, Natural Killer cells; DCs, Dendritic cells. *p<0.05.

Figure 7: Gene expression levels among (A) Type 1 Diabetic islets or (B) Type 2 Diabetic Islets vs. Normal Islet controls. A significant difference in gene 
expression levels was observed in Type 1 but not Type 2 Diabetic islets. T1D, Type 1 Diabetes; T2D, Type 2 Diabetes.*p <0.05.
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functioning of regulatory T cells has not previously been established, 
though it is in accordance with (1) the genes’ extremely high expression 
on Tregs relative to other cell types and (2) their role in lipid hydrolysis 
and free fatty acid modulation, which has previously been shown to 
impact Treg function.

Thus Pla2g1b, Pnliprp1, and Clps are attractive candidate genes for 
future therapies due to their functional importance in Treg suppressive 
ability and preferential expression among pancreatic Tregs.

Applications
The data confirm the classification of phenotypically different 

Treg subpopulations based on anatomical location, and can improve 
the current understanding of phenotypic differences among distinct 
subpopulations of regulatory T cells. The targeting of identified 
genes may allow future immunosuppression therapies to be made 
specific to a particular Treg population and thus a specific region 
in the body, consequently avoiding the harms associated with the 
broad-based immunosuppression used today [8]. Malignancies 
associated with transplantation, including allograft rejection or graft-
versus-host disease, may potentially be treated by activating specific 
subpopulations of Tregs found in the location of transplantation. 
The methodology used in the current study can be utilized in other 
organ-specific autoimmune diseases as well, including Grave’s Disease 
or Autoimmune hepatitis, where the identification of phenotypic 
differences among Tregs located in the thyroid and liver, respectively, 
can lead to more effective treatments [11].

Future investigations
Additional studies should be conducted to confirm the validity 

of the results and set the stage for the development of therapeutic 
treatments. For example, flow cytometric analysis should be run 
using the pancreata of 25-30 week-old wild type mice to confirm the 
expression of the desired proteins on a cell’s surface [28,29], as RNA 
quantities obtained from microarray data do not always correlate 
with protein expression and occasionally yield false positives. Cell-
type-specific gene knock-out experiments can also be performed, 
either through in-vivo mouse models or in-vitro methods including 
standard siRNA procedures [30,31]. The use of these procedures can 
directly confirm the significance of the chosen genes in pancreatic 
Treg function and survival [32,33]. Collectively, these experiments 
can validate the significance of the identified genes in Treg suppressive 
function and serve as the primary steps in the development of future 
diabetes therapies. 
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