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Populärvetenskaplig sammanfattning
En av de viktigaste av kroppens funktioner är hur den mat vi stoppar i oss, genom flera olika
mekanismer, processas och bryts ner för att omvandlas till energi. En av dessa mekanismer är
hur insulin reglerar mängden glukos i kroppen. Typ 1 diabetes är en autoimmun sjukdom som
drabbar unga och orsakas av att kroppen förstör sina egna insulinproducerande celler. Då
kroppen inte kan producera tillräckligt med insulin för att reglera mängden glukos i blodet
stiger blodsockernivån. Obehandlat leder högt blodsocker till att kroppen börjar bryta ner
egna vävnader för att försöka upprätthålla normal funktion. Insulininjektioner livet ut är i
dagsläget den enda behandlingen.
Det är ännu oklart vad som orsakar typ 1 diabetes då enbart genetiskt ökad risk inte är
tillräckligt för att orsaka sjukdomen. Risken att utveckla typ 1 diabetes ökar med utvecklingen
av autoantikroppar. Forskare hoppas kunna identifiera möjliga faktorer som kan bidra till
utvecklingen av autoantikroppar.
Gener som kan spela stor roll för hur immunsystemet reagerar på kroppsegna molekyler
identifierades i olika celltyper. Två celltyper undersöktes för uttryck av fyra gener som är
direkt kopplade till autoimmunitet. Högt uttryck av en gen återfanns i båda celltyperna och
verkar minska med ökat antal autoantikroppar. För att kunna säkerställa resultaten måste
framtida studier verifiera resultatet och inkludera större testgrupper.
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1 Abbreviations
Aabs
APCs
BCR
CD
EDTA
FcR
GAD65A
GC
HLA
HAS
IA-2A
IAA
ICA
MHC
MODY
NOD
PBMCs
PCR
PBS
RT-PCR
T1D
T2D
qPCR
WB
WBC
ZnT8A
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Autoantibodies
Antigen presenting cells
B-cell receptors
Cluster of differentiation
Ethylenediaminetetraacetic acid
Fc Receptor
Glutamic acid decarboxylase 65 autoantibodies
Germinal center
Human leukocyte antigen
Human serum albumin
Islet antigen-2 autoantibodies
Insulin autoantibodies
Islet cell antibodies
Major histocompatibility complex
Maturity onset diabetes of the young
Non-obese diabetic
Peripheral blood mononuclear cells
Polymerase chain reaction
Phosphate-buffered saline
Real-time polymerase chain reaction
Type 1 diabetes
Type 2 diabetes
Quantitative polymerase chain reaction
Whole blood
Whole blood count
Zinc transporter 8 autoantibodies

2 Introduction
Type 1 diabetes (T1D) is an autoimmune disease where autoantibodies instigate the destruction of pancreatic B
cells (1). T1D is becoming more frequent and there is a tendency that the children take ill at a younger age. The
incidence of diabetes-associated autoantibodies can predict type 1 diabetes (1,2). A child carrying 1 autoantibody
have a 10 percent risk of developing type 1 diabetes over a period of 20 years whereas a child with 2
autoantibodies will, without exception, develop the disease within the same time span (1).
Human leukocyte antigen DQ (HLA-DQ) is a receptor type protein found on the cell surface of antigen presenting
cells (APCs). Differential expression of HLA-DQ heterodimers on a blood mononuclear cell subset is associated with
organ-specific autoimmune disease (1–3). HLA-DQ heterodimers are potential targets to modulate the effects of
infectious diseases, vaccinations and development of autoimmunity (3). HLA-DQ genotypes on chromosome 6 are
strongly related to increased risk of developing autoimmune diseases such as type 1 diabetes, coeliac disease and
narcolepsy (2). The fundamental mechanisms of HLA-DQ genotypes and autoimmune disease risk have not been
fully clarified. It is still unknown in what way the different protein products from the DQ genes can be put together
to create antigen presenting molecules. The aim of this study was to investigate gene expression of four DQ genes
(A1, B1, A2 and B2) in peripheral blood cell subsets. To determine the factors and triggers of type 1 diabetes it is
only of interest to investigate the development of the disease in children with increased risk of type 1 diabetes and
not in children that already have developed the disease. Children at increased genetic risk for type 1 diabetes
(HLA-DQ2/8; DQ8/8, DQ2/2) or coeliac disease (HLA-DQ2/2, DQ2/8) with and without autoantibody markers
participated in the study.
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3 Background
3.1

Type-1 diabetes

Type 1 diabetes results from autoimmune selective destruction of pancreatic islet B cells. Islet cells are clusters of
different kinds of cells that work together to regulate blood sugar (1). B cells help regulate the level of blood
glucose by producing and releasing insulin if recognising too high blood glucose levels. The destruction of B cells
lead to absolute lack of insulin and hyperglycaemia (very high blood glucose levels). Too low levels of insulin
prevent the body from converting glucose into glycogen, a source of energy mostly stored in the liver (4). Without
insulin it is impossible to remove excess glucose from the blood. Hyperglycaemia can be a serious problem if not
treated in time. Untreated hyperglycaemia leads to ketoacidosis where the body is not able to transform the
glucose into energy. Instead, the body starts to break down fats (4,5).
A number of explanatory theories of the development of type 1 diabetes have been put forward. It has been
suggested that T1D can be triggered by one or many of the following: genetic susceptibility, an antibody trigger,
virus-triggered autoimmune response, exposure to an antigen or diabetogenic trigger in children with islet
autoantibodies (3). Type 1 diabetes can be distinguished from type 2 diabetes (T2D) by autoantibody testing (5).
Administration of insulin is essential for survival and insulin therapy must be continued indefinitely.

3.2

Immunologic tolerance

Immunologic tolerance is defined as unresponsiveness to an antigen that is induced by previous exposure to that
antigen. When specific lymphocytes encounter antigens, the lymphocytes may be activated, leading to immune
response, inactivated or eliminated, leading to tolerance (3,6). Different forms of the same antigen may induce an
immune response or tolerance. Even a single antigen may induce an immune response or tolerance depending on
the conditions in which it is displayed to specific lymphocytes (e.g. in the presence or absence, respectively, of
inflammation and innate immune response (3). Failure of central tolerance (thymus) and peripheral tolerance
(immunocytes in the periphery) results in autoimmunity, immune reactions against self (autologous) antigens, cells
and tissues.

3.3

Autoimmunity

Autoimmune diseases such as type 1 diabetes, coeliac disease and narcolepsy are caused by autoimmunity. The
immune system does not randomly lose the ability to distinguish between self and non-self-antigens, tissues and
proteins. Certain individuals are genetically susceptible to developing autoimmune diseases. This susceptibility is
associated with multiple genes and other risk factors (1). However, genetically predisposed individuals do not
always develop autoimmune diseases (1,3).
The main sets of genes suspected in many autoimmune diseases are related to immunoglobulins, T-cell receptors
and major histocompatibility complexes (MHC) (2). Certain types of MHC class II allotypes are associated to
autoimmunity. The human leukocyte antigen (HLA) is the human equivalent of the major histocompatibility
complex (MHC) (2,3).

3.4

Autoantibodies

The immune system creates antibodies that target and fight specific foreign substances in the body posing a
threat. Normally, antibodies are trained to develop tolerance to self-antigens and not overreact to nonthreatening substances in the environment. Autoantibodies are produced by the immune system when selftolerance fails. An autoantibody is a protein, produced by the immune system directed against one or more of the
individual’s own proteins (7). Type 1 diabetes is one autoimmune disorder caused by such autoantibodies.
8

The appearance of diabetes-related autoantibodies to one or several of the autoantigens glutamatic acid
decarboxylase 65 (GAD65), islet antigen-2 (IA-2), insulin and zinc transporter 8 (ZnT8), signal an autoimmune
pathogenesis of B cell destruction (1). Therefore it is possible to predict the appearance of T1D before any
hyperglycemia arises. Not all individuals that have developed autoantibodies progresses to T1D, but the risk
increases with the number of antibody types. A child carrying 1 autoantibody have a 10 percent risk of developing
T1D over a period of 20 years whereas a child with 2 autoantibodies will, without exception, develop the disease
within the same time span(1). The time frame from emergence of autoantibodies to developed T1D can be a few
months in infants and young children, but in some people it may take years – in some cases more than 10 years
(1,7). Islet cell autoantibodies (ICA) are associated with the development of T1D. The main ICA that signal an
autoimmune pathogenesis of B cell destruction target the autoantigens GAD65, IA-2, insulin and ZnT8 (5,7).
Islet cell autoantibodies (ICA)
ICA is the original method of indirect immunofluorescence used to detect autoantibodies against islet cells on
frozen sections of human pancreas. The method is rarely used. The role of islet autoantibodies in the autoimmune
destruction of beta cells remains inconclusive but they are considered as markers of an ongoing autoimmune
attack against beta cells. They remain important not only in prediction but also in the differential diagnosis of T1D
and exclusion of maturity onset diabetes of the young (MODY) or T2D. MODY is a form of diabetes where
mutations in solitary genes cause diabetes (5).
Glutamic acid decarboxylase autoantibodies (GAD65A)
Autoantibodies to GAD65 (GAD65A) can be detected in 60 to 80% of newly diagnosed T1D regardless of age. The
GAD65A frequency is not affected by age before the age of 15 years. However, the detection rate of GAD65A
generally increases with age in patients younger than 10 years. GAD65A is found slightly more often in females.
GAD65A tend to persist after T1D diagnosis and may be found invariably in children progressing to T1D (5).
Islet antigen-2 autoantibodies (IA-2A)
IA-2 is a plasma membrane protein that is composed of two isoforms found in alpha and beta cells of the
pancreatic islets. IA-2A are considered as specific markers that reflect the destruction of beta cells and are
detected in more than 70% of recent onset T1D (5).
Insulin autoantibodies (IAA)
Insulin autoantibodies are known to be the first islet autoantibodies to appear followed by GAD65A and IA-2A
respectively. IAA are associated with younger age of diagnosis. IAA are found in 80% to 100% of children diagnosed
with T1D before the age of 4 years. IAA prevalence decrease with increasing age. Children diagnosed with T1D
before the age of 14 years have a IAA prevalence of up to 40% while nearly 28% in children diagnosed before the
age of 20 years (5).
Zinc Transporter 8 autoantibodies (ZnT8A)
Autoantibodies targeting ZnT8 (ZnT8A) have recently been identified as a major islet autoantigen by autoimmunity
in T1D (5). ZnT8 is considered as an autoantigen with high specificity to islet B cells. By facilitating the cellular
outflow of zinc, ZnT8 is a transporter protein proposed to be essential in the process of insulin crystallization and
secretion (8). ZnT8A were found to be associated with T1D since they were detected in serum of T1D patients.
Additionally, ZnT8A were also detected among T1D patients who were negative for conventional islet
autoantibodies; IAA, GAD65A and IA-2A (5,8).
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3.5

B cells

B cells are involved in autoimmune diseases through different cellular processes. B cells secrete autoantibodies
and inflammatory cytokines, present autoantigen, ensure reciprocal interaction with T cells and generate ectopic
germinal centers (GCs) (6). An illustration of interactions and functions of B cells that may influence autoimmune
diabetes is presented in Figure 1.
Both antibody-dependent and antibody-independent pathogenic functions can trigger B cells. By enabling
autoantibodies to bind to basic structure molecules, interrupting the synthesis of structural elements, the
antibody-dependent pathogenic function facilitates the uptake of antigen (4,6). The antibody-independent
function enable B cells to serve as APCs, secrete proinflammatory cytokines and support the formation of ectopic
GCs. When antigen concentrations are low, B cells work as very efficient APCs. Autoantibodies secreted by B-cell
receptors (BCR) can modulate the processing and presentation of antigen. Secreted autoantibodies can also
activate or inhibit receptor functions by binding to specific receptors or receptor ligands (6).
Antigen
TCR

2

CD4
T cell

1
MHC
class II

B cell

4
Dendritic cell

3
5

Antibody-antigen complex
CD8
T cell

Figure 1: Illustration of the pathogenic function of B cells in autoimmune diabetes. 1. B cells bind antigen specifically via cell surface
immunoglobulin. The specificity of the immunoglobulin directs processing of the protein. 2. Because of the specificity, B cells ability to
present protein antigen to cluster of differentiation 4 (CD4) T cells increase. Eventually, B cells can differentiate into plasma cells
producing antibodies to specific antigens, by the help of T cells. 3. B cells enhance antigen presentation to CD8 T cells. Cytotoxic CD8 T
cells are eventually activated by the autoantigen uptake and presentation and are prompted to kill the beta cells. 4. B cells may enhance
antigen presentation by dendritic cells. 5. Autoantibodies are produced when B cells have differentiated into plasma cells. The
autoantibody/autoantigen complexes produced by the enabling the autoantibodies to bind the autoantigen are taken up via Fc Receptor
(FcR) present on other APCs. As a result of the antigen presentation, the pancreatic beta cells are eventually attacked by both natural
killer cells and CD8 T cells. MHC: major histocompatibility complex; TCR: T-cell receptor (9)
.

B cells have been shown to be important mediators in autoimmune diseases. Disease-related autoantibodies are
immunoglobulins that have somatically mutated (6). This suggests that T helper cells drive the autoimmune B cell
response. Autoantibody synthesis may represent a marker for the expansion of autoantigen specific B cells that
capture and present autoantigen peptides to T cells in autoimmune diseases in which specific autoimmune T cell
clones drive the process of inflammation (4,6). The central tolerance mechanisms are crucial in preventing B cell
mediated autoimmune diseases (6).
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3.6

Blood monocytes

Blood monocytes have distinct phenotypes and function in immune reactions. Classical (CD14+CD16-) and
inflammatory (CD14+CD16+) are the two major types of monocytes. Patrolling CD14+CD16- monocytes differ from
the classical CD14+CD16- monocytes that express high levels of CD14 antigens but no CD16 antigens. The
patrolling CD14+CD16+ monocytes coexpress high CD16 and low CD14 antigen levels. Inflammatory monocytes
(CD14+CD16+) have high expression of cytokines and higher potency in antigen presentation (10).
HLA-DR is highly expressed in both classical and inflammatory monocytes but inflammatory monocytes lack many
other cell surface molecules. As a part of MHC class II antigen presentation to CD4 T cells, foreign antigens are
digested and presented. High APC activity in monocytes is predicted because of the high level of HLA-DR
expression. CD14+CD16- monocytes have been suggested to contribute to the development of autoimmune
diseases such as type 1 diabetes in NOD mice. These cells have also been found to have three times higher level of
T cell stimulation. The mechanism of disease may be distinct from what is happening NOD mice since these cells
have not shown to increase type 1 diabetes in humans. Monocyte cells have not been studied in correlation to
development of type 1 diabetes, when immune destruction of the islet cells occurs. Monocyte cell subsets have
received little attention in inflammatory diseases. There is great potential for informative studies about the role of
these cells in autoimmune diseases such as type 1 diabetes. An increasing number of monocyte cells have been
reported for subjects of inflammatory and infectious diseases in humans. It is still unclear if monocyte subsets
have a crucial role in infection and inflammation (10).

3.7

HLA

The human leukocyte antigen (HLA) genes are the human version of the large MHC gene family found in most
vertebrates. It is the most gene-dense region of the mammalian genome and plays an important role in the
immune system and autoimmunity (11). HLA genes reside on chromosome 6 and encode antigen-presenting
proteins that are expressed on the surface of certain cells. They display both self- and non-self-antigens to T cells
that have the capacity to kill or co-ordinate the killing of pathogens and infected or malfunctioning cells (3,11).
(12)
Different classes within the gene family have different functions.
HLA class II molecules are a family of molecules normally found
only on antigen-presenting cells such as B cells, dendritic cells,
mononuclear phagocytes, thymic epithelial cells and some
endothelial cells. The antigens presented by class II peptides are
derived from extracellular proteins (not cytosolic as in class I) (11).
HLA class II antigens present antigens from outside of the cell to Tlymphocytes. These particular antigens stimulate T-helper cells to
multiply. T-helper cells then stimulate antibody-producing Β cells to
produce antibodies to a specific antigen. Self-antigens are
suppressed by suppressor T cells (3,11).
Figure 2 illustrates the HLA region on the p arm of chromosome 6.
HLA-A, -B and -C are MHC class I antigens that present peptides
derived from cytosolic proteins. HLA-DR, -DQ and -DP are the
major MHC class II antigens in humans. Within each class, each of
the proteins has slightly different functions and is regulated in Figure 2: The HLA region on the p arm of chromosome
6 encodes several subunits for MHC class I and II
slightly different ways (11).
antigens. The position of the HLA-DQ gene family can
be found on chromosome 6p21.3. Image drawn by P.
Deitiker (12).
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3.8

HLA-DQ

Differential expression of HLA-DQ heterodimers on a blood mononuclear cell subset is associated with organspecific autoimmune disease (1). HLA-DQ genotypes on chromosome 6 are strongly related to increased risk of
developing autoimmune diseases such as type 1 diabetes, coeliac disease and narcolepsy. The fundamental
mechanisms of HLA-DQ genotypes and autoimmune disease risk have not been fully clarified. It is still unknown in
what way the different protein products from the DQ genes can be put together to create antigen presenting
molecules. The HLA-DQ region consists of four genes (A1, B1, A2 and B2) (1,2).
HLA-DQ is a αβ-heterodimer, a cell surface receptor protein of class II HLA type. These antigens recognize and
present foreign antigens, proteins, derived from potential pathogens. DQ antigens are also involved in recognizing
common self-antigens and presenting those antigens to the immune system in order to develop tolerance from a
very young age. When tolerance to self-proteins if lost, DQ may become involved in autoimmune diseases (1,5).
The α and β subunits are encoded by separate genes. The α subunit is encoded by the HLA-DQA1 gene while the β
subunit is encoded by the HLA-DQB1 gene. These loci are adjacent to each other on chromosome 6p21.31 (Figure
2). An individual often produces two α- and β-chain subunits resulting in four DQ isoforms. Different DQ isoforms
can bind to and present different antigens to T-cells (5).
In the human population DQ is highly variable. The β subunit more so than the α subunit. The variants are the result of
single nucleotide polymorphism (SNP), the most common type of genetic variation. Each SNP represents a difference in
a single nucleotide’s certain position in the DNA. These variations are most commonly found in the DNA between genes.
They can also occur within a gene or in a regulatory region near a gene, where they may play a more direct role in
disease by affecting the gene’s function (3,11). SNPs cause changes in the functional region of a gene that produces a
protein isoform. The isoforms generally change in the peptides they bind and present to T-cells. Much of the isoform
variation in DQ is within the functional region of a gene (3).

3.8.1 HLA-DQA2 and HLA-DQB2
Paralogous to the HLA-DQA1 and HLA-DQB1 genes are the HLA-DQA2 and HLA-DQB2 genes. In a study of
Langerhans cells (LCs), both HLA-DQA2 and DQB2 gene expression was identified in LCs using real-time polymerase
chain reaction (RT-PCR). These genes have long been thought of as pseudogenes, defective copies of functional
genes. These may be partial or complete duplicates derived from polypeptide-encoding genes or RNA genes.
Pseudogenes are dysfunctional relatives of genes that have lost their protein-encoding ability or are otherwise no
longer expressed in the cell. Pseudogenes often result from the accumulation of multiple mutations within a gene
whose product is not required for the survival of the organism. Although not protein-coding, the DNA of
pseudogenes may be functional, similar to other kinds of non-coding DNA which can have a regulatory role.
Transcripts of HLA-DQA2 are present in B lymphoblastic cell lines but HLA-DQB2 mRNA has never been detected.
The HLA-DQα2 chain detected in lymphoblastic cells has been shown to associate with the invariant chain and to
reach the plasma membrane but no association with HLA-DQβ-chains could be confirmed, questioning the
meaning of these observations. Remarkably, the two genes are poorly polymorphic and fairly well conserved (13).
Heterodimers were formed by the other HLA-DQα2 and DQβ2 chains. To reach endosomal compartments, the
heterodimers had to associate with the invariant chain. Also, antigen stimulation of T cells was possible because
the heterodimers were expressed at the cell surface. In addition, it has been reported that the HLA-DQα2 and
DQβ2 chains can form mixed heterodimers. Therefore, both the HLA-DQA2 and DQB2 genes could be of
immunological importance. The complexity of the repertoire of antigens presented by LCs could be influenced by
the HLA-DQα2 and DQβ2 molecules. The number of cis-/trans-heterodimer complexes that can be formed if both
HLA-DQα2 and DQβ2 molecules are expressed on the cell surface would increase and if found, indicate a more
complex reaction and immunological importance in autoimmune diseases such as type 1 diabetes (13).
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3.9

Genetic factors of type 1 diabetes

T1D is referred to as insulin-dependent autoimmune diabetes that commonly express HLA-DQ haplotypes; DQ8
(A1*03:01-B1*03:02) and DQ2 (A1*05:01-B1*02:01) (5). In Caucasians these haplotypes are present in linkage
disequilibrium with DR4 (B1*04) and DR3 (B1*03) respectively. Therefore, the clinical diagnosis and classification
of T1D is verified in relation to the presence of risk HLA-DR-DQ haplotypes and islet autoantibodies (1,5). In
Caucasian European-descent patients, more than 90% of T1D is autoimmune and associated with class II HLA
genes. The remaining 10% of T1D are largely found in African-descent patients and is characterized by absence of
islet autoantibodies and lack of HLA-DR-DQ associations (5).
Unstable proteins are encoded by T1D risk-associated HLA-DQ haplotypes, while T1D-protective haplotypes
encode the stable HLA-DQ proteins (2). Certain HLA-DR-DQ haplotypes confer a risk for autoimmune diseases,
including T1D and coeliac disease (2,5). T1D risk-associated HLA-DQ haplotypes also increases the risk for other
autoimmune disorders (2).
An individual’s HLA genotype is determined by the two haplotypes. A haplotype is in turn determined by the
composition of the class II HLA genes (2). Different haplotypes indicate different risk of developing T1D. As
presented in Table 1, the haplotype is determined by the characteristics of the α and β chains of the HLA-DQ
heterodimer. The different haplotypes confer different risks of developing T1D. It has been estimated that HLA
contributes about 60% of T1D risk among first-degree relatives to T1D patients. T1D develops in individuals who
are positive for HLA-DR3-DQ2, DR4-DQ8 or both. The DQ6 haplotype containing DQB1*0602 confers resistance
among children (1,2). One α and one β subunit makes up the HLA class II molecule which is a heterodimeric
transmembrane glycoprotein. The peptide-binding groove is made up of the α1 and β1 domains while the constant
domain is made up of the α2 and β2 domains. The α and β subunits are encoded by HLA-DQA1 and DQB2,
respectively (1,5).
Table 1: The associations of DQ subtypes with haplotypes that increases the risk of developing T1D.

DRDQA1-DQB1 haplotype
DQ2

DQ8

DQα1 subunit

DQβ1 subunit

*02:01

*02:02

*03:03

*02:02

*05:01

*02:01

*03:01

*03:02

*03:02

*03:02

*04:01

*03:02

*05:03

*03:02

3.10 DiPiS
DiabetesPrediktion i Skåne (DiPiS) investigates the development of type 1 diabetes in children and the main goal is
to predict future cases and preferably to prevent the disease (14). Multiple environmental factors, virus infections
and other factors may be important for the development of type 1 diabetes since it is not only caused by an
inherited genetic risk. The DiPiS study is carried out in two steps. First the inheritable risk of type 1 diabetes was
established in all newborn babies in Skåne in 2000-2004. A group of children with inheritable risk of type 1
diabetes were chosen for the study, to participate until the age of 15 years (14). The HLA genotype of each of the
DiPiS-children has previously been determined. Some of the children have a higher risk of developing the disease
while other children do not have a higher risk than children in general (14,15).
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3.11 Ethics
The Regional Ethics Board in Lund has approved the studies to
obtain blood samples from children at genetic risk for type 1
diabetes, coeliac disease and narcolepsy.

4 Experimental design
4.1

Cell isolation

A blood sample (30-50 mL) was collected from a DiPiS patient
in five 10 mL BD Vacutainer Sodium Heparin tubes with Green
Conventional Closure (BD). A small volume of the sample was
used to perform a whole blood count (WBC) using CELL-DYN
Ruby Haematology Analyser (Abbott Diagnostics). The sample
was pooled and diluted 1:1 in two 50 mL Falcon tubes with
room temperatured (RT) RPMI 1640 Medium (GlutaMAXTM
Supplement, HEPES, Invitrogen) containing 1% penicillin
streptomycin, 0.2% Human Serum Albumin (HSA). The tubes
were left rolling overnight at RT. Subsets of cells were isolated
using magnetic beads technologies (Miltenyi Biotec)
(Supplementary: cell isolation protocol. The DNA and RNA of
the purified cells were preserved for future analysis
(Supplementary: protocol for preservation of DNA and RNA).

4.2

Figure 3: 1. A sample is injected. 2. Cells flow in a single file
past a focused laser, 3. 4. Lights from the laser hit the cell
surface and is scattered in all directions. Scattered light is
registered by a detector. Forward and side scattered light is
detected from all cells. Fluorescence is emitted and detected
from stained cells. 5. Detected light and fluorescence is stored
in a file for specialized software analysis. Image provided
courtesy of Abcam Inc. Image copyright©2015 Abcam.

Flow cytometry

In flow cytometry, one or multiple lasers are used to measure
and characterize cells in a fluid. Monoclonal antibodies
conjugated to fluorochromes are used to stain the cells. When
a cell pass a specific laser, light of different wavelengths is
emitted when the fluorochome is excitation (Figure 3). By flow
cytometry it is possible to measure relative fluorescence,
relative granularity of cells, and cell size (16). Flow cytometry
was performed on Beckman Coulter CyAnADP using DAKO
Summit v4.3 software to check the purity of the purified cell
samples (Figure 4). The cells were stained with epitope specific
antibodies according to the flow cytometry staining protocol
(Supplementary).

4.3

Real-Time Quantitative PCR

Real-time quantitative polymerase chain reaction (qPCR) is a
technique that can detect and measure the amount of product
that is generated in each cycle in a PCR reaction. The amount
of signal detected reflects the initial amount of DNA in a
sample. The technique can be used to analyse and quantify, for
example, gene expression. In this study the TaqMan®
14

Figure 4: The images was generated during the flow
cytometry analysis using CyAnADP and PC software Summit
4.3. A. Forward scatter (FS) and side scatter (SS) from all
cells are presented in a scatter plot. B. Identification of the
cells stained with a certain fluorochrome is possible by
changing the labelling of the x- and y-axis, thus changing
the data plotted in the graph.

chemistry from Applied Biosystems is used (Applied
Biosystems by Life Technologies Carlsbad California, USA).
TaqMan® probe-based assay chemistry amplifies a certain
fragment complementary to the probe sequence. The probe
has a reporter with a certain fluorescent dye in one end and
a quencher in the other end. The fluorescent reporter probe
is used to report the accumulation of product during the
qPCR. The quencher prevent fluorescent signalling of the
reporter molecule by fluorescence resonance energy
transfer (FRET) between the two molecules when the
complex is intact. The probe is cleaved by the Taq
polymerase after the annealing step in the reaction. The
reporter, when no longer close to the quencher, increases
its fluorescent signal. Each cycle result in an accumulation of
fluorescent signal proportional to the number of amplicons
generated. The steps in one cycle of the qPCR reaction is
illustrated in Figure 5. When the PCR products reach a
certain amount the exponential growth can be detected. At
this point the signal from the product is larger than the
signal from the background; this phase is called growth
phase. The number of cycles until this occurs reflects the
starting amount in the sample. The different amounts of
starting material in different samples is compared by
evaluating how many cycles that are required for the
different samples to reach a threshold level in the growth
phase. The cycle for this amplicon concentration or
threshold level is called CT-value and reflects the individual
sample’s initial concentration. (17)

Figure 5: TaqMan® probe-based assay chemistry. 1. During
the polymerisation, a fluorescent reporter (R) dye and a
quencher (Q) are attached to the 5’ and 3’ ends of a
TaqMan® probe, respectively. 2. The probe is intact during
strand displacement and the reporter dye emission is
therefore quenched. 3. During the extension cycle, the DNA
polymerase cleaves the reporter dye from the probe. 4.
Polymerisation is completed once separated from the
quencher, the reporter dye emits its characteristic
fluorescence. Illustration (17).

In this study, the relative quantification of each target gene is applied. A relative amount of product is calculated
through normalization with product from a reference gene. The normalization is necessary to compensate for the
differences in the amount of biological starting material. When using a reference gene for normalization the most
challenging problem is to find a gene with a constant gene expression independent of individual or situation for
the tissue used. The housekeeping genes GAPDH and HPRT1 were used as reference genes in this study.
Due to the very low cDNA concentration it was not possible to run a conventional qPCR. In total, four qPCR
reactions per cell type were performed. Only HLA-DQA1 and B1 were run as a conventional singleplex assay; only
one probe per reaction. A multiplex qPCR was set up for the reference genes and HLA-DQA2 and B2. In a multiplex
qPCR it is possible to run more than 1 probe in each well. This considerably reduces the amount of cDNA necessary
to run the experiment. The probes used in the same reaction must have different reporter dyes. It is necessary to
be able to distinguish different reporter dyes from each other. Interaction between the probes of two or more
assays would be a problem in a multiplex qPCR. Multiplexing can also be affected depending on expression level of
each of the genes (whether there is competition or not) and if they affect the efficiency of the reaction. A probe
should be designed in a region so as to ascertain that it will not bind to the cDNA sequence of another gene being
analysed in the same reaction. By duplexing the GAPDH with HPRT1 and HLA-DQA2 with B2, less cDNA was
needed.
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If running more than two probes in a well, it is also necessary to redesign the probes so that there is no more than
two NFQ-MGB quenchers in the same reaction. The QSY quenchers are made for multiplex qPCR experiments and
are possible to mix with NFQ-MGB quenchers. The probes designed with NFQ-MGB quencher will not work
optimally as QSY. The TaqMan® gene expression assays from Life Technologies that were used in this experiment
are presented in Table 2.
Table 2: The TaqMan® gene expression assays from Life Technologies used in this study of HLA-DQ gene expression are presented in the
table below. Two probes were redesigned with ABY and JUN reporter dye with the QSY quencher respectively for the possibility to run a fourplex assay containing all of the HLA-DQ probes. HPRT1 and GAPDH are both housekeeping genes that were used as positive controls. HLADQA1 and -DQB1 have both been confirmed in earlier publications (2,13) and are also used as positive controls. HLA-DQA1 and DQB1 were
run as singleplex assays while HLA-DQA2 and GAPDH were multiplexed with HLA-DQB2 and HPRT1 respectively.

Assay
HLA-DQA1
HLA-DQB1
HLA-DQA2
HLA-DQB2
HPRT1
GAPDH

Type

Reporter dye

Quencher

Target gene

FAM

NFQ-MGB

Target gene

VIC

NFQ-MGB

Target gene

ABY

QSY

Target gene

JUN

QSY

Reference gene

FAM

NFQ-MGB

Reference gene

VIC

NFQ-MGB

RNA was isolated from each sample using the RNeasy Micro Kit® (Qiagen) according to the RNA isolation protocol
(Supplementary). Complementary DNA (cDNA) was then synthesized using Thermo Scientific Maxima First Strand
cDNA Synthesis Kit for RT-qPCR® from template RNA according to the cDNA synthesis protocol (Supplementary).
From the flow cytometry results (Figure 7) the qPCR was run for B cells and CD14+CD16- APCs. The RT-qPCR
master mixes (Table 3) were applied onto a 384 well plate as described in Table 4 (RT-qPCR reaction set-up
protocol in supplementary). The thermal cycler of the QuantSTudioTM 7 was programmed according to Life
Technologies recommendations for fast qPCR (Table 5).
Table 3: A reaction master mix for RT-qPCR singleplex and duplex experiments respectively was put together containing Mustang Purple
master mix dye, probe and nuclease-free water.

Gene

Reaction
type

Mustang Purple
Master Dye (µL)

Probe
1 (µL)

Probe
2 (µL)

Nuclease-free
Total
water (µL) volume (µL)

HLA-DQA1
HLA-DQB1
HLA-DQA2/B2
GAPDH/HPRT1

Singleplex

5

0.5

-

2.5

8

Singleplex

5

0.5

-

2.5

8

Duplex

5

0.5

0.5

2

8

Duplex

5

0.5

0.5

2

8

Table 4: The application order of reagents for RT-qPCR onto 384 well PCR plates.

Step Reagent
1 Reaction master mix
2 Sample cDNA
Final volume

16

Volume (µL)
8
2
10

Table 5: The thermal cycler of the QuantStudio
presented below.

TM

7 was programmed according to Life Technologies recommendations for fast qPCR

Step
AmpliTaq® DNA Polymerase, UP Activation
Denature
Anneal/Extend

Temperature, ˚C

Duration

Number of cycles

95

20 sec

Hold

95

1 sec

40

60

20sec

40

4.3.1 ΔΔCT method for RT-qPCR data analysis
The ΔΔCT method was used to calculate the relative quantification (RQ) of the four HLA-DQ genes in relation to the
reference gene’s. A reference gene is a gene with a stable expression, constant mRNA level, in all samples and
under all conditions. The method of using reference genes for normalization of real-time PCR data for biological
sample quality offers an internal constant mRNA level, in all samples and under all conditions. However, a major
problem with this method is to find a constantly expressed gene for all purposes. There are no universal reference
genes with the same expression, at all conditions, in every type of tissue. For every system studied the reference
genes expression must be carefully validated under the conditions used. The two reference genes used in this
study are widely used and have been thoroughly examined.
In gene expression studies often only a single reference gene is used. In these cases the effects of an inappropriate
reference gene are unnoticed. There are several methods and software that can be used for validation and
selection of reference genes. The QuantStudioTM Real-Time PCR Software was used to analyse the results in this
study. The appropriate CT-values were applied for all amplification curves to get the exponential appearance (18).
For each sample, the mean CT-value of each of the genes of interest (GI) was compared to the mean CT-value
of the two reference genes (RG). The mean CT value was calculated from the triplicates for each sample for a
cell type and used to calculate ∆CT (Eq1). The reference gene CT was calculated as the mean CT from the both
mean CT values of the respective reference gene triplicates.
∆CT = CT(GI) - CT(RG)

(Eq.1)

The RQ of each sample was calculated in relation to the first sample to see how the RQ varies among the
samples. The ∆∆CT of each sample was calculated by subtracting the ∆CT of the first sample from the respective
∆CT (Eq2) (18).
∆∆Ct = ∆CT (n) - ̅̅̅̅̅
∆CT (ref)

(Eq.2)

The Relative Quantification (RQ) was calculated assuming that the qPCR efficiency is 100% (Eq.3) (18).
RQ = 2-∆∆Ct

(Eq.3)

To be able to analyse the result with parametric tests, the result must be normally distributed. Gene expression
data is often not normally distributed when represented as relative quantification but become normally
distributed when logarithmically transformed to fold difference or fold change (Eq.4). An increased fold change
corresponding to one Ct value represents double the expression for that sample and a decrease of one represent
half of the expression (18).
Fold change = ln(RQ)

(Eq.4)
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5 Results
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HLA-DQ cell surface immunofluorescence was observed in each cell
type. High HLA-DQ cell surface immunofluorescence was observed
in B cells and CD14+CD16- APC (Figure 7). Much lower HLA-DQ
frequency was observed in CD14+CD16+ APCs, CD4 T cells, CD8 T
cells and neutrophils.
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Knowing that the risk of developing T1D is related to certain HLA
types and the presence of autoantibodies, HLA-DQ frequency was
plotted for different cell subsets to identify possible correlation to
the number of autoantibodies (Figure 8), genotype (Figure 9) and
haplotype (Figure 10).
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The distribution of islet cell autoantibodies in male (n=11) and
female (n=13) subjects participating in this study is presented in
Figure 6A. The genetic HLA risk for the subjects has previously been
defined in the DiPiS-study. The number of subjects participating in
the study is presented in correlation to genotype and haplotype in
Figure 6B and Figure 6C respectively. Flow cytometry was used to
determine the purity and HLA-DQ frequency of the sorted cells.
Only samples that fulfilled purity requirements for each cell type
were included in the study to ensure that the results are not
greatly affected by any impurities. Purity requirements of 75%
were used for CD14+CD16- APCs, B cells and neutrophils whereas
60% purity requirements were used for CD14+CD16+ APCs and T
cells.

10

12
9
6
3
0

Haplotype

Figure 6: A: The distribution of autoantibodies in the subjects participating in the
study. B: The distribution of genotypes in male and female subjects participating
in the study. C: The distribution of haplotypes in male and female subjects.
participating in the study.

Figure 7: The HLA-DQ
frequency for each cell
type reveals where it is
most likely to find DQ gene
expression. Only samples
that
fulfilled
purity
requirements for each cell
type were included in the
study. Purity requirements
of 75% have been applied
for CD14+CD16- APCs, B
cells
and
neutrophils
whereas
60%
purity
requirements has been
applied for CD14+CD16+
APCs and T cells.
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HLA-DQ frequency correlated to autoantibodies
The HLA-DQ frequency peaks for 1 autoantibody in CD14+CD16- APCs and then decreases with increased number
of autoantibodies (Figure 8B). In B cells, the frequency of HLA-DQ expressing cells is generally high but seems to
increase with increased number of autoantibodies (Figure 8E).
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Figure 8: HLA-DQ frequency is correlated to the number of autoantibodies in CD14+CD16- APCs and B cells.
In relation to the low HLA-DQ frequency measured in T cells (CD4 and CD8) and neutrophils, the HLA-DQ
frequency is slightly higher in CD14+CD16+ APCs.

The HLA-DQ frequency was found to be slightly increased in CD14+ CD16- APCs in relation to the T cells (CD4, CD8)
and neutrophils, where the HLA-DQ frequency was very low. This was also the case in genotype and haplotype
analysis (Figure 9 and 10). No significant difference was observed.
HLA-DQ frequency correlated to genotype
The HLA-DQ frequency seems to correlate to the genotype in CD14+CD16- APCs and B cells. The HLA-DQ
frequency in DQ2/8 B cells (Figure 9E) is more coherent than in CD14+CD16- APCs (Figure 9B). With this data it is
not possible to determine whether the difference between B cell DQ2/8 and non-DQ2/8 is of any significance. No
significant difference was observed between DQ2/8 and non-DQ2/8 for either B cells (p-value: 0.4174) or
CD14+CD16- APCs (p-value: 0.8202) when performing a two-tailed unpaired parametric t-test using GraphPad
Prism. For a 95% confidence interval, statistical significance is considered if P < 0.05 (19).
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Figure 9: High HLA-DQ frequency was measured in CD14+CD16- APCs and B cells for haplotype DQ2 and
DQ8 respectively. No significant difference of HLA-DQ frequency was found in CD14+CD16- APCs and B
cells. In relation to the low HLA-DQ frequency measured in T cells (CD4 and CD8) and neutrophils, the HLADQ frequency is slightly higher in CD14+CD16+ APCs.

HLA-DQ frequency correlated to haplotype
High HLA-DQ frequency was observed in CD14+CD16- APCs and B cells for haplotypes DQ2 and DQ8, respectively
(Figure 10). There is no difference in HLA-DQ frequency in DQ2 compared to DQ8 for either cell type. It is not
possible to determine whether HLA-DQ frequency in B cell is correlated to DQX compared to D2 or DQ8. Further
studies are needed to determine the significance of haplotype DQX in B cells. One-way ANOVA was used to
investigate the likelihood that the difference among the mean could have been caused by chance. Newman-Keuls
test was used to compare all pairs of means following the one-way ANOVA. No significant difference of HLA-DQ
frequency in DQX compared to DQ2 or DQ8 were found for either B cells (p-value: 0.6969) or CD14+CD16- APCs
(p-value: 0.8770). For a 95% confidence interval, statistical significance is considered if P < 0.05 (19).
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Figure 10: High HLA-DQ frequency was measured in CD14+CD16- APCs and B cells. B cells have a much
higher HLA-DQ frequency compared to all cell subsets. However, it is not possible to determine if the
difference between B cell DQ2/8 and non-DQ2/8 is of any significance. No significant difference was
observed in CD14+CD16- APCs. In relation to the low HLA-DQ frequency measured in T cells (CD4 and CD8)
and neutrophils, the HLA-DQ frequency is slightly higher in CD14+CD16+ APCs

Autoantibodies related to HLA-DQ expression?
Although no significant difference of HLA-DQ expression has been detected for either genotype or haplotypes,
HLA-DQ expression seems to be related to the number of islet autoantibodies. Figure 11B and 11E illustrate the
correlation between haplotype, HLA-DQ frequency and autoantibodies. HLA-DQ frequency seems to decrease with
increasing number of autoantibodies in B cells and CD14+CD16- APCs. There is a possibility that HLA-DQ frequency
decreases with increasing number of autoantibodies results from inability to form HLA-DQ heterodimers when T1D
is about to develop.
The difference in number of haplotype DQX subjects among the cell subsets is due to the number of cells that
were sampled for the cell subsets. Low cell concentration after cell isolation limited the possibility to measure HLADQ frequency using flow cytometry in B cells to two subjects. The two subjects with haplotype DQX are also DQ8
and have very different HLA-DQ frequency (Figure 11E). It is not possible to determine the significance of DQX in
relation to triggers of T1D. Additional data need to be collected to continue analysis.

21

Antigen presenting cells (CD14+CD16+)

HLA-DQ frequency (%)

100

DQ2
DQ8
DQX

80
60
40
20

B

Antigen presenting cells (CD14+CD16-)
100

HLA-DQ frequency (%)

A

0

DQ2
DQ8
DQX

80
60
40
20
0

0

1

2

3

4

5

0

1

Autoantibodies

D

T helper cells (CD4+)

HLA-DQ frequency (%)

100

DQ2
DQ8
DQX

80
60
40
20
0

4

5

T killer cells (CD8+)
DQ2
DQ8
DQX

80
60
40
20
0

0

1

2

3

4

5

0

1

Autoantibodies

2

3

4

5

Autoantibodies

F

B cells (CD19+)
100

DQ2
DQ8
DQX

80
60
40
20
0

Neutrophils (CD16+CD66+)
100

HLA-DQ frequency (%)

E
HLA-DQ frequency (%)

3

100

HLA-DQ frequency (%)

C

2

Autoantibodies

DQ2
DQ8
DQX

80
60
40
20
0

0

1

2

3

4

Autoantibodies

5

0

1

2

3

4

5

Autoantibodies

Figure 11: The autoantibodies that can be developed depend on the HLA-DQ genotype. The HLA-DQ expression of
purified cells indicates whether the DQ expression has anything to do with the number of autoantibodies. Figure 11B
and 11E indicate that the HLA-DQ expression in CD14+CD16- APCs and B cells greatly depend on the number of
autoantibodies present.

RT-qPCR data analysis
RT-qPCR was performed in CD14+CD16- APCs and B cells based on the results from the HLA-DQ frequency analysis
(Figure 7). Out of the four target genes, only HLA-DQA1 was expressed for all subjects in the two cell types.
The subjects were divided into two groups depending on the number of autoantibodies present when the blood
sample was taken. Subjects with 0 or 1 autoantibodies were placed in group 1 while subjects with two or more
islet autoantibodies were placed in group 2. To be able to compare both cell subsets, calculations of ΔΔCt were
made using the same subject that showed similar expression of HLA-DQA1 in both cell subsets. The data in Figure
12 is plotted using mean ± SEM (standard error of the mean).
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Figure 12: The RQ indicated how the expression of HLA-DQA1 varies among the individuals divided over two groups. The
data is plotted using mean ± SEM (standard error of the mean). The children were divided into two groups depending on
their number of autoantibodies. Group 1 consists of subjects carrying 0 or 1 autoantibodies whilst group 2 consists of
subjects carrying 2 or more autoantibodies. The relative quantification of a sample was calculated from ΔΔCt normalized
to the same sample ID in CD19+ and CD14+CD16- cells, respectively, in order to compare the relation between the two
groups of the two cell types. The difference of the mean value of the two groups in CD19+ cells was very small
compared to the big difference between mean value of the two groups of CD14+CD16- cells. This indicates a difference
in DQ gene expression in the APCs CD14+CD16- depending on the number of autoantibodies present.

The relative quantification (RQ) of HLA-DQA1 in group 1 compared to group 2 tended to be lower in CD14+CD16APCs but not in B cells (Figure 12). Both groups of CD14+CD16- APCs showed a generally lower RQ compared to B
cells. No significant difference was observed between group 1 and group 2 for either B cells (p-value: 0.6390) or
CD14+CD16- APCs (p-value: 0.1681) when performing a two-tailed unpaired parametric t-test using GraphPad
Prism. Statistical significance is considered if P < 0.05 (19).
The interval of CT-values are similar in the amplification plots for HLA-DQA1 expression in B cells and CD14+CD16APCs (Figure 13) but they differ in appearance. B cell amplification curves have an even spread across the interval
(Figure 13). The B cells were divided into two groups, A and B, indicating higher and lower HLA-DQA1 gene
expression respectively. The amplification curves for HLA-DQA1 gene expression in CD14+CD16- APCs were
naturally divided into two groups, C and D. Interestingly, group C (1 male and 3 females) do not have the HLADQ2/8 haploid genotype and are regarded as non-DQ2/8 (DQ8/8, DQ8/X, DQ2/X and DQX/X). The male subject
(HLA-DQ8/X) had 1 autoantibody at the time of blood sample while the three females had 2, 2 and 5
autoantibodies (HLA-DQ8/8, HLA-DQ2/X and HLA-DQX/X, respectively).
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Figure 13: The amplification plot of HLA-DQA1 gene expression in B cells (left) and CD14+CD16- APCs (right) are divided into groups A/B, C/D
indicating higher/lower HLA-DQA1 gene expression in the cell subsets. The B cell amplification curve interval was split in half into group A and
B where both groups consists of DQ2/8 and non-DQ2/8 subjects with varying number of Aabs. The amplification curves in CD14+CD16- APCs
were naturally divided into two groups (C and D). Group C consists of one male (1 Ab) and three female (2, 2 and 5 Ab respectively) nonDQ2/8 subjects. Group D consists of both DQ2/8 and non-DQ2/8 subjects with varying number of Aabs.

For studies as small as this one (n=11 subjects) Gaussian distribution of all values is assumed. Subjects constituting
higher HLA-DQA1 gene expression in B cells and CD14+CD16- APCs represent 45 % (group A) and 36 % (group C),
respectively. P values were calculated from a 2x2 contingency table (Table 6 and 7) using two-tailed Fischer’s exact
test. The association between groups (rows) and genotype (columns) for B cells or CD14+CD16- APCs are
considered not statistically significant (Table 8). Statistical significance is considered when P < 0.05.
Table 6: Assuming Gaussian distribution a Fischer exact test was performed using the 2x2 contingency table below.

B cells
Group C
Group D

DQ2/8

Non-DQ2/8

2

3

4

2

Table 7: Assuming Gaussian distribution a Fischer exact test was performed using the 2x2 contingency table below.

CD14+CD16- APCs
Group C
Group D

DQ2/8

Non-DQ2/8

0

4

4

3

Table 8: The p value was calculated using a two-tailed Fischer exact test for the distribution of HLA-DQ genotypes in the B cell and
CD14+CD16- APCs amplification plot. The association between groups (rows) and genotype (Table 6 and 7) are not considered statistically
significant for either B cells or CD14+CD16- APCs. Statistical significance is considered when P < 0.05.

P value
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B cells

CD14+CD16- APCs

0.5671

0.1939

Even though there is no significant difference between the groups in each of the cell subsets, the RQ of HLA-DQA1
gene expression for HLA-DQ2/8 subjects is higher in B cells and CD14+CD16- APCs (Figure 14). The RQ is generally
higher in B cells compared to CD14+CD16- APCs. Also, there is a noticeable difference in RQ of DQ2/8 and nonDQ2/8 subjects in both cell subsets.
HLA-DQB1 gene expression
HLA-DQB1 was seemingly expressed in B cells by two subjects, both of which are non-DQ2/8 female subjects (1
and 5 autoantibodies (Aabs) respectively). Also, HLA-DQB1 was seemingly expressed in three non-DQ2/8 female
subjects (2, 2 and 5 Aabs respectively). It was not possible to determine the expression of HLA-DQB1 in either cell
subset. This gene seemingly has very low expression. Additional studies and increased cDNA concentration is
needed to evaluate the expression of HLA-DQB1 in B cells and CD14+CD16- APCs.
The data generated for this study will be thoroughly evaluated and further studies will be performed to investigate
DQB1 gene expression. Since DQA1 gene expression was
identified in CD14+CD16- APCs and B cells, is should also
be possible to identify DQB1 gene expression.
HLA-DQA2 and HLA-DQB2 gene expression
The RT-qPCR reaction indicates very low HLA-DQA2 gene
expression in B cells and CD14+CD16- APCs. There was
no indication of HLA-DQB2 gene expression in either B
cells of CD14+CD16- APCs. Because the HLA-DQA2
amplification curves came up after cycle 36 in both cell
subsets, it is not possible to evaluate the HLA-DQA2 gene
expression in either cell subset. Additional studies and
higher cDNA concentration in singleplex RT-qPCR is
needed to evaluate HLA-DQA2 and HLA-DQB2 gene
expression in B cells and CD14+CD16- APCs.
Improvements

Although many cells are lost during cell isolation with
magnetic micro beads, the purity of the isolated
sample is very high. If cell concentration of isolated
samples were too low, no flow cytometry with antiHLA-DQ antibody could be performed resulting in loss
of subjects for RQ-HLA-DQ frequency analysis. The
small amount of RNA isolated made it impossible to Figure 14: The relative quantification (RQ) of HLA-DQA1 gene
expression in B cells and CD14+CD16- APCs seems to be dependent
measure RNA concentration and quality with Qubit on HLA-DQ genotype. Gene expression is slightly higher in B cells
Fluorometric Quantitation and run all target genes and compared to D14+CD16- APCs. There is also a more noticeable
difference between the two genotypes DQ2/8 and non-DQ2/8 in B
reference genes in singleplex RT-qPCR. Higher cell cells.
concentrations are needed for RNA isolation to receive
a higher, more accurate, measurement of concentration.
An instable flow cytometry antibody tandem conjugate (CD45-PE-Cy7) caused a problem when analysing
CD14+CD16- APCs. CD16-PE is an antibody marker used to establish the number of CD16+ cells in the sample.
CD14+CD16- APCs lack the CD16+ epitope. The higher the purity of the CD14+CD16- APC sample, the lower
CD16-PE signal will be detected in the flow cytometer. CD45 is a cell epitope present on all cell types. The
tandem conjugate PE-Cy7 is a combination of PE (donor) and a cyanine dye (acceptor). The acceptor
fluorophore emits the photon of light when the excited energy is passed from the donor fluorophore. The Cy7
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excitation is detected after accepting the excitation energy of PE. The instable conjugate degraded quickly
leading to high detection of PE excitation and almost no Cy7. The CD45-PE signal was then interpreted as a
CD16-PE signal resulting in very high PE-signal where no such signal should be found. Because of this, some
CD14+CD16- APC flow cytometry results were hard to analyse. The problem was solved by ordering the CD45PE-Cy7 tandem conjugate from a different company.

6 Conclusion
HLA-DQ frequency in CD14+CD16- APCs tended to decrease with increasing number of islet autoantibodies (Figure
8B) suggesting a possible loss of tolerance to autoantigens. In B cells, HLA-DQA1 frequency tend to decrease with
increasing number of islet autoantibodies from 0 to 2 autoantibodies (Figure 8E) before increasing in frequency
from 2 to 6 autoantibodies. It is clear that HLA-DQA1 is expressed in B cells and CD14+CD16- APCs. Out of the four
target genes, only HLA-DQA1 is expressed in CD14+CD16- APCs and B cells which indicate that translated HLADQA1 may form heterodimers with the beta chain from an adjacent HLA region such as DR or DP to form an
antigen presenting molecule. An extended study is necessary to confirm this hypothesis. Extended studies of the
three HLA-DQ genes (B1, A2 and B2) is also necessary to determine the extent of gene expression and if it is
determined by cDNA concentration.
Furter evaluation of the HLA-DQ genes expression in B cells and CD14+CD16- APCs is necessary. The database
created during this study will be supplemented with new samples, flow cytometry analyses and RT-qPCR
experiments during a 6 month period from October 2015.
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9 Supplementary
Cell isolation protocol
1. The diluted blood sample was pipetted
equally on top of 10-12.5 mL FicollPaque PLUS (GE Healthcare) in four 50
mL tubes, resulting in two phases
(Figure 16A). The tubes were
centrifuged at 800 xg (acceleration: 2,
brake: 0) for 20 minutes in RT.
Meanwhile, the fume hood was
prepared (Figure 15) where magnets Figure 15: Experimental setup in flow hood. A. Magnets and stand for magnetic
and a stand for magnetic columns columns. For complete list of materials, see supplementary.
(Miltenyi Biotec) were assembled. See
supplementary for complete list of
materials.
2. After centrifugation, four phases had been created (Figure 16B). Plasma was
collected into one 2 mL and one 10 mL tube and put on ice. The plasma was then
removed from each tube and discarded. The lymphocyte ring was then harvested
into two 50 mL tubes. Before harvesting the red blood cells (RBCs), the
supernatant containing Ficoll-Paque was removed. With a fast motion, 3 mL of the
red cell pellet was collected from the bottom of each tube and transferred to two
50 mL tubes. This resulting in two 50 mL tubes of peripheral blood mononuclear
cells (PBMCs) and two 50 mL tubes of whole blood (WB).
3. Ice cold lysis buffer (4.15 g NH4Cl, 0.5 g KHCO3, 100 μL ethylenediaminetetraacetic
acid (EDTA), water up to 500 mL) was added to the RBC tubes up to 45 mL. The
tubes were inverted, incubated on ice and mixed every 5 minutes until the
erythrocytes were lysed and a ‘transparent’ and/or ‘dark red’ suspension Figure 16: A. Sample before
appeared. The solution was not allowed to sit for more than 5 minutes after first centrifugation. B. Sample
after first centrifugation.
complete lysis. Meanwhile, the PBMC was washed by adding ice cold buffer 2
(phosphate-buffered saline (PBS), 2 mM EDTA) up to 45 mL and centrifuged at 550 xg (acceleration: 9,
brake: 9) for 8 minutes at RT. After lysis, the WB lysis solution was centrifuged at 550 xg, (acceleration: 9,
brake: 9) for 8 minutes at 4ᴏC.
4. The PBMC pellets were resuspended in 2 mL of ice cold buffer 2 and pooled into one of the 50 mL tubes.
Buffer 2 was added up to 45 mL before centrifugation at 550 xg, (acceleration: 9, brake: 9) for 8 minutes at
4ᴏC. The RBC pellets were resuspended in 2 mL ice cold lysis buffer and pooled in the same manner as the
PBMC pellets. Ice cold lysis buffer was added up to 45 mL and the tubes were inverted and incubated on
ice for 5 minutes before centrifugation at 550 xg, (acceleration: 9, brake: 9) for 8 minutes at 4ᴏC.
5. The pellet PBMC and RBC pellets were resuspended in 10 mL ice cold buffer 2 and 3, respectively. 50 µL
cell suspension was diluted appropriately in a 0.5 mL tube for cell counting before adding up to 45 mL of
appropriate buffer before centrifugation at 500 xg, for 6 minutes (acceleration: 9, brake: 9) at 4ᴏC.
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Neutrophil and CD19+ isolation
Hereafter, every centrifugation was performed for 6 minutes at 300 xg (acceleration: 9, brake: 9) at 4ᴏC.
6. Before incubation, the supernatant was removed and any remnants of the supernatant was carefully
removed using a pipette to achieve the best concentration for incubation. The RBCs were resuspended in
ice cold buffer 3 ( PBS, 13 mM NaCitrate) at a concentration up to 50 million cells/100 µL. Any less than 50
million cells counted, the same volumes of reagents were used. PBMCs were resuspended in 80 µL ice cold
buffer 2 per 10 million cells. RBCs were incubated with 50 µL of CD16 microbeads per 50 million cells, the
suspension was mixed before incubating at 4ᴏC for 30 minutes. PBMCs were incubated with 20 µL of CD19
microbeads per 10 million cells, the suspension was mixed before incubating at 4ᴏC for 15 minutes.
7. After incubation, the PBMC suspension was resuspended in 2 mL of ice cold buffer 2 previous to
centrifugation. The RBC suspension was resuspended in 2 mL of ice cold buffer per 50 million cells
previous to centrifugation.
8. Two LS columns were mounted onto the magnetic stand and washed with ice cold buffer 2 and 3
respectively through a cell filter. Only the flow through from PBMC was collected. The PBMC and RBC
pellets were resuspended in 500 µL of buffer 2 and 3, respectively, and applied onto separate LS columns
through the cell filter. The columns were washed three times using 3 mL of ice cold buffer 2 and 3 to
PBMC and RBC columns, respectively. The columns were removed from the magnet before adding 5 mL
buffer 2 and 3, respectively. A plunger was used to elute the purified cells in a new 10 mL tube. A cell
count was performed for the collected CD19 flow though and neutrophils using ADAM-MC automated cell
counter (NanoEnTek). Meanwhile, the CD19 flow through and purified CD19+ cells were centrifuged.
9. A MS column was washed with 500 µL of buffer 2. The pellet of purified CD19+ cells was resuspended in
500 µL of buffer 2 and applied onto the MS column. The column was washed three times using 500 µL of
buffer 2. The flow through was discarded. The column was removed from the magnet before adding 2 mL
of buffer 2 to elute the purified CD19+ cells using a plunger. The purified CD19+ cells were then counted
using ADAM-MC automated cell counter.
CD16+ monocyte isolation
10. The pelleted CD19 flow through was resuspended in 50 µL buffer 2 per 50 million cells. Also, 50 µL of CD16
microbeads were added per 50 million cells. The cell suspension was incubated at 4 ᴏC for 30 minutes.
Previous to centrifugation, 2 mL of buffer 2 was added. An LD column was washed with 2 mL buffer 2. The
cell pellet was resuspended in 500 µL buffer 2 and applied onto the LD column. The column was washed
twice using 1 mL of buffer 2 while collecting the flow through. The column was removed from the magnet
before eluting the purified CD16+ monocyte cells with 2.5 mL buffer 2 using the plunger. Both the purified
cells and the flow through were counted using the ADAM-MC automated cell counter.
CD14+CD16- isolation
11. The pelleted CD16 monocyte flow through was resuspended in 80 µL buffer 2 per 10 million cells. Also, 20
µL of CD14 microbeads were added per 10 million cells. The cell suspension was incubated at 4 ᴏC for 15
minutes. Previous to centrifugation, 2 mL buffer 2 was added. An MS column was washed with 500 µL
buffer 2. The cell pellet was resuspended in 500 µL buffer 2 and applied onto the MS column. The column
was washed three times using 500 µL buffer 2 while collecting the flow through. The column was removed
from the magnet before eluting the purified CD14+CD16- cells with 2 mL buffer 2 using a plunger. Both the
purified cells and the flow through were counted using the ADAM-MC automated cell counter. The flow
through was centrifuged to further isolate CD4 and CD8 T cells.
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CD4+ & CD8+ isolation
The isolation of CD4+ & CD8+ cells was performed as described for the isolation of CD14+CD16- cells using CD4
and CD8 microbeads, respectively. The CD4 flow through was collected to continue to isolate CD8+ cells. An
ADAM-MC automated cell counter was used to count the purified cells as well as the CD4 flow through.

Protocol for preservation of DNA and RNA
The purified cells were placed in 2 mL cryo tubes to preserve DNA and RNA for future extraction. All cells were
centrifuged at 14 000 rpm for 2 minutes in RT. One tube of each cell type (two tubes of CD16+CD66+ cells) were
used for DNA extraction and the rest for RNA extraction.
DNA extraction
To each of the pelleted samples, 400 µL of a 1:1 mixture of PBS and AL lysis buffer was added. The samples were
vortexed and then stored at -20 ᴏC.
RNA extraction
Each of the pelleted samples were resuspended in 300 µL RNAProtect and then stored at -80 ᴏC.
Whole cells preserved in DMSO
Whole cells were preserved in DMSO and stored in liquid nitrogen as described below.
Each of the purified cell samples (in 10 mL falcon tubes) were centrifuged at 298 xg for 5 minutes at 4˚C. The
supernatant was carefully removed using a pipette. The pellet was then loosened by gentle tapping before adding
0.5 mL ice cold Freezing Medium A (100% human AB serum). The cell suspension was mixed by gently tapping the
tube (do not use a pipette!). Drop by drop, 0.5 mL ice cold Freezing Medium B (20% DMSO, 80% human AB serum)
was added to the suspension while mixing with a gentle continual swirling motion during the addition to ensure
steady mixing of the two freezing solutions. A pipette was then used to gently pipette up and down 3 times. The
suspension was then transferred into a 2 mL etched cryovial on ice. The maximum final concentration of the
samples did not stretch 10 million/mL.
The cryovials were placed in Thermo Scientific Nalgene Cryofreezing Container (“Mr. Frosty”). Mr. Frosty were pretemperature to 4˚C and pre-filled to prescribed line with isopropanol. The freezing container was immediately
placed in a -80˚C freezer for at least two days. The samples were later transferred to be stored in liquid nitrogen.

Flow cytometry staining protocol
1. To each 5 mL Polystyrene Round-Bottom Tube, 100 μL of relevant cell suspension (minimum of 1 × 105
cells) was added (Table 9). If cell concentration was too high in 100 μL cell suspension, an appropriate
volume was added and resuspended to a final volume of 100 μL.
2. Antibodies were added to relevant tubes (Table 10).
3. Compensation beads were prepared fresh each week. A mixture of 5 drops of Onecomp eBeads was
added to 600 μL PBS. Seven tubes were prepared with 100 μL compensation beads mixture.
Compensation beads were stained individually with CD66b FITC, CD16 PE for neutrophil staining, CD45 PECy5.5, CD14 FITC, CD16 PE for monocyte staining, CD64 PerCP-Cy5.5 and CD45 PE-Cy7. The volumes
presented in Table 10 were used for staining of 100 μL cell suspension. Each of the antibodies had been
titrated beforehand to optimize the antibody concentration.
4. The samples were vortexed before incubation at 4°C for 10 minutes. The compensation beads were
incubated at 2-8°C for 15-30 minutes.
5. The samples were washed with appropriate buffer (see sample preparation: cell isolation). The samples
were centrifuged at 300 xg (acceleration: 9, brake: 9) for 6 minutes at 4˚C.
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6. The supernatant was removed before adding 400 μL of fixation buffer (PBS containing 4% formaldehyde
and 0.01% NaAz). To the compensation beads, PBS was added instead of fixation buffer.
Table 9: The antibodies used for establishing the purity purified of the cell sunsets. Only two cell types were stained with multiple antibodies
in the same tube, requiring fluorescence minus one (FMO) controls. In addition, each cell subset was individually stained with anti-HLA-DQ
antibody to determine the HLA-DQ frequency.

Cell type
CD19+
CD16+CD66+
CD16+ monocytes
CD14+CD16CD8+
CD4+

No. of antibodies

No. of FMOs

Anti-HLA-DQ

No. of tubes

1

-

1

2

3

3

1

5

1

-

1

2

4

4

1

6

1

-

1

2

1

-

1

2

Table 10: Monoclonal antibodies for staining purified peripheral blood cell subsets.

Cell type

Antigen

Fluorescent
probe

Strain

Company

CD14+CD16+ APCs
CD14+CD16- APCs

CD16

PE

B73.1/leu11c

BD

CD14
CD16
CD64
CD45
CD45
CD4

FITC
PE
PerCP-Cy5.5
PE-Cy7
PE-Cy7
FITC

MϼP9
B73.1/leu11c
10.1
HI30
HI30
M-T466

BD
BD
BD
Invitrogen*
BD
Miltenyi Biotec

CD4+
CD8
CD8+
CD19
B cells (CD19+)
Neutrophils (CD16+CD66+) CD66b

CD14+CD16+ APCs
CD14+CD16- APCs
CD4+
CD8+
B cells (CD19+)
Neutrophils (CD16+CD66+)

FITC

Volume (μL)
5
5
5
5
2.5
2.5
10
5

PE

LT19

Miltenyi Biotec

5

CD16
CD45
HLA-DQ

FITC
PE
PE-Cy5.5
FITC

BIRMA 17C
VEP13
HI30
REA303

NHS
Miltenyi Biotec
Invitrogen
Miltenyi Biotec

1
2.5
2.5
5

HLA-DQ

FITC

REA303

Miltenyi Biotec

5

HLA-DQ

FITC

REA303

Miltenyi Biotec

5

HLA-DQ

FITC

REA303

Miltenyi Biotec

5

HLA-DQ

FITC

REA303

Miltenyi Biotec

5

HLA-DQ

FITC

REA303

Miltenyi Biotec

5

Fluorescence minus one
To properly interpret flow cytometry data from samples stained with more than one antigen, a control,
fluorescence minus one (FMO) is used. Due to multiple fluorochromes in the sample, the FMO is used to identify
identify and gate cells in the context of data spread. All fluorochromes in a panel, except the one being measured,
are added to the FMO control (20). For a panel containing four fluorochromes, four separate FMO controls are
necessary to properly identify any spread of the fluorochromes into the channel of interest.
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Fluorescence compensation
Fluorescence compensation is used to avoid the possibility of spectral overlap when performing multicolour
fluorescence studies. There is a risk that two emission profiles coincide when two or more fluorochromes are used
in an experiment. This makes the identification of measurements of the true fluorescence emitter by each
fluorochrome difficult. By using fluorochromes at very different ends of the fluorescent spectrum this can be
avoided, but it is not always practical. Application of fluorescence compensation during data analysis yield a
calculation of the interference (as percent) in a channel by a certain fluorochrome that was not assigned to be
measured in that specific channel (21).

RNA isolation protocol
Protocol of RNA isolation using Qiagen RNeasy Micro Kit®.
1. The samples were completely thawed and a maximum of 5×105 cells were harvested. The samples were
centrifuged at 5000 xg for 5 minutes at RT.
2. The supernatant was removed before lysing the cells by adding 350 μL Buffer RLT and homogenizing.
Because RNA was isolated from cell lines rich in RNases, 10 μL β-mercaptoethanol (β-ME) was added to 1
mL Buffer RLT before use.
3. One volume of 70% ethanol was added to the lysate and the solution was carefully mixed by pipetting. Do
not centrifuge! Proceed immediately to step 4.
4. The sample was transferred, with any precipitate, to an RNeasy MinELute spin column in a 2 mL collection
tube. The lid was closed before centrifugation at ≥8000 xg for 15 s. The flow-through was discarded.
5. To the spin column, 350 μL Buffer RW1 was added. The lid was closed before centrifugation ≥ 8000 xg for
15 s. The flow-through was discarded.
6. A DNase I stock solution was prepared from lyophilized DNase I (supplied). A mastermix of DNase
incubation mix was prepared by adding 10 μL DNase I stock solution to 70 μL Buffer RDD (per sample). The
DNase I in incubation mic (80 μL) was added directly to the RNeasy MinElute spin column membrane. The
column was placed on benchtop (20-30˚C) for 15 minutes. 350 μL Buffer RW1 was added to the RNeasy
MinElute spin column. The lid was closed before centrifugation at ≥8000 xg for 15 s. The collection tube
was discarded.
7. The RNeasy MinElute spin column was placed in a new 2 mL collection tube (supplied). 500 μL Buffer RPE
was added to the spin column. The lid was closed before centrifugation at ≥8000 xg for 15 s. The flowthrough was discarded.
8. 500 μL 80% ethanol was added to the RNeasy MinElute spin column. The lid was closed before
centrifugation at ≥8000 xg for 2 minutes. The collection tube was discarded.
9. The RNeasy MinElute spin column was placed in a new 2 mL collection tube (supplied) and centrifuged at
full speed for 5 minutes, with the spin column lid open, to dry the membrane. The collection tube was
discarded.
10. The RNeasy MinElute spin column was placed in a new 1.5 mL collection tube (supplied). 14 μL RNase-free
water was added directly to the center of the spin column membrane. The lid was closed carefully before
centrifugation at full speed to 1 minute, to elute the RNA. The samples were hereafter kept on ice for
NanoDrop measurements.
11. The concentration and quality of the isolated RNA was measured using a Thermo Scientific Nanodrop 1000
Spectrophotometer. The Nanodrop measures 1 μL samples with high accuracy and reproducibility. A
sample was pipetted onto the end of a fiber optic cable (the receiving fiber). A second fiber optic cable
(the source fiber) was then brought into contact with the liquid sample causing the liquid to bridge the gap
between the fiber optic ends. The gap is controlled to both 1mm and 0.2 mm paths. A pulsed xenon flash
lamp provides the light source and a spectrometer utilizing a linear CCD array is used to analyze the light
33

after passing through the sample. The instrument is controlled by a PC based software, and the data is
logged in an archive file on the PC.
12. The isolated RNA samples were stored at -80˚C

cDNA synthesis protocol
Protocol of cDNA synthesis using Thermo Scientific Maxima First Strand Synthesis Kit.
1. Nuclease-free water was added to the bottom of sterile RNase-free wells on a 96-well plate on ice. The
volume of water varied, depending on the concentration of the template RNA, to receive a total reaction
volume of 20 μL in each well.
2. The template RNA (1 pg – 5 μg) was mixed with nuclease-free water and added to the assigned well.
3. A master mix of 5X Reaction Mix (4 μL per reaction) and Maxima Enzyme Mix (2 μL per reaction) was
prepared for all sample reactions. While aliquoting 6 μL of the reaction mixture into each well, the
suspension was gently mixed. The plate was then centrifuged to ensure that all of the reagents and
template RNA was at the bottom of each well.
4. The plate was incubated, using an Eppendorf Mastercycler ep Gradient S PCR cycler, for 10 minutes at
25˚C followed by 15 minutes at 50˚C. The reaction was terminated by heating for 5 minutes at 85˚C.
5. The product of the cDNA synthesis was diluted to a concentration of 5 ng/μL before frozen and stored at 80˚C.

RT-qPCR reaction set-up protocol
1. All of the solutions were briefly vortexed and centrifuged after thawing.
2. A reaction master mix was prepared for each of the multiplex assay mixes (Table 11).
Table 11: A reaction master mix for RT-qPCR singleplex and duplex experiments respectively was put together containing Mustang Purple
master mix dye, probe and nuclease-free water.

Gene

Reaction
type

Mustang Purple
Master Dye (µL)

Probe
1 (µL)

Probe
2 (µL)

Nuclease-free
Total
water (µL) volume (µL)

HLA-DQA1
HLA-DQB1
HLA-DQA2/B2
GAPDH/HPRT1

Singleplex

5

0.5

-

2.5

8

Singleplex

5

0.5

-

2.5

8

Duplex

5

0.5

0.5

2

8

Duplex

5

0.5

0.5

2

8

3. The steps and volumes when adding reaction master mix and cDNA are described in Table 12. The master
mix was added to the bottom of respective wells in a 384-well as described. The cDNA was added to the
edge of the appropriate well.
Table 12: The application order of reagents for RT-qPCR onto a 384 well PCR plate.

Step Reagent
1 Reaction master mix
2 Sample cDNA
Final volume

Volume (µL)
8
2
10

4. When finished applying the cDNA, the 384-well plate was gently tapped against the lab bench to allow the
cDNA to migrate to the bottom of the well. A plastic film was then applied onto the plate and sealed
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carefully. The reactions were mixed by turning the plate up-side-down a few times. The plate was
centrifuged to collect the reactions in the bottom of each well. To eliminate possible bubbles, the mixing
process and centrifugation was performed once more since bubbles interfere with fluorescence detection.
5. QuantStudioTM 7 Flex Real-Time PCR System was programmed to Comparative CT (∆∆Ct) according to the
recommendations for TaqMan® Multiplex PCR Optimisation by applied biosystems (Table 13). The
samples were placed in the cycler and the program started.
Table 13: The thermal cycler of the QuantStudio
presented below.

TM

7 was programmed according to Life Technologies recommendations for fast qPCR

Step
AmpliTaq® DNA Polymerase, UP Activation
Denature
Anneal/Extend

Temperature, ˚C

Duration

Number of cycles

95

20 sec

Hold

95

1 sec

40

60

20sec

40
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