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Abbrevations 

 

17-OH  17-hydroxylase 

21-OH  21- hydroxylase 

AADC  Amino acid decarboxylase

APECED Autoimmune polyendocrinopathy, candidiasis and ectodermal dystrophy 

APS-1  Autoimmune polyendocrine syndrome type 1 

BCR  B-cell receptor  

CAR  Cancer associated retinopathies 

CARD9 Caspase recruitment domain-containing protein 9 

GAD65 Glutamate decarboxylase 

Ig  Immunoglobulin 

KCNRG Potassium channel regulator 

MITF-A Microphthalmia-associated transcription factor 

NALP2 NAIP, CIITA, HET-E and TP1 (NACHT), Leucine-rich repeat (LRR) 
and pyrindomain (PYD)-containing protein 2 

SCC  Side chain cleavage enzyme 

TCR  T-cell receptor 

TH  Tyrosine hydroxylase

TPH  Tryptophan hydroxylase 
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Summary 

Autoimmune Polyendocrine Syndrome type 1 (APS-1) is an autoimmune disease with 
both endocrine and non-endocrine manifestations such as adrenal insufficiency, 
hypoparathyroidism, and chronic Candida spp. infections. The aim of the first study 
was to evaluate candidate autoantigens associated with the chronic mucocutaneous 
Candida spp. infections in APS-1 patients. Candidiasis has caused great interest since it 
affects almost all APS-1 patients and no autoantigen associated with this disease has 
been identified yet. Three candidate autoantigens, NAIP, CIITA, HET-E and TP1,  
leucine-rich repeats and pyrin domains-containing protein 2 (NALP2), caspase recruitment  
domain-containing protein 9 (CARD9), and microphthalmia-associated
transcription factor (MITF-A), were tested by immunoprecipitation with sera from APS-1 
patients. The proteins were produced and radioactively labeled by in vitro transcription 
and translation, which made it possible to measure the amount of antigen-antibody 
complexes in the samples with a β-counter. The APS-1 patients used in this assay did 
not have statistically significant higher autoantibody titers against the tested 
autoantigens than the healthy blood donors used as controls. 

The second study was a case report with young patient experiencing vision loss in 
association with bone cancer. This phenomenon is known as cancer associated 
retinopathy (CAR) and is a paraneoplastic syndrome, i.e. a symptom that is a 
consequence of, but not direct effect from, malignant tumours. The aim of this study 
was to establish what structures of the retina were affected, using immunohistochemical 
analyses, and to isolate candidate retinal autoantigens by western blot analysis and 
cDNA expression library screening with patient sera. The immunohistochemical 
analyses showed that the patient had autoantibodies directed towards the external 
limiting membrane, a retinal cell layer. Two proteins, to which the patient had 
autoantibodies, were successfully isolated by the cDNA library screening. 
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1. Introduction 

1.1 The immune system and autoimmunity 

There are certain conditions in which the body’s immune system fails to distinguish 
between self and foreign and target self structures in the human body as if they were a 
threat, e.g. an invading microorganism (Meri, 2007). This phenomenon is known as 
autoimmunity and is associated with a number of clinical disorders. 

The immune system is a complex network of cells, organs, and molecules that functions 
together to defend the body against bacteria, viruses or parasites (Sfriso et al., 2009). 
The immune system is divided into innate and adaptive immunity, where the innate 
immunity provides the first line defense of the host and adaptive immunity provides a 
much more sophisticated and specialized defense, including clonal selection of T and B 
lymphocytes from a nearly endless repertoire of random receptor compositions 
providing an extreme specificity (Chervonsky, 2009). T-cell receptors (TCRs) are 
always membrane bound whereas B-cell receptors (BCRs), or immunoglobulins, can be 
either membrane bound or secreted into blood and lymph to bind antigenic molecules. 
Once the B-lymphocytes have bound an antigen it will be activated (Nemazee, 2000). 
T-lymphocytes, on the other hand, require antigen presenting cells, APCs, which 
presents the antigen via major histocompatibility complex (MHC) class I or II 
(Shlomchik, 2009). 

The human genome contains approximately 22 000 genes (Southan 2004), but there 
are at least 108 different specific lymphocytes. This diversity is generated by somatic 
rearrangement of the TCR and BCR genes (Baranov & Eppel', 1984).  

Lymphocyte differentiation and immunological tolerance 

B and T lymphocytes differentiate in sequential steps characterized by rearrangement of 
the BCR and TCR genes respectively. B lymphocytes develop in the bone marrow from 
hematopoetic progenitor cells, and their immunoglobulins consist of heavy chains and 
light chains (figure 1) (Busslinger, 2004). T lymphocytes develop in thymus and their 
TCRs consist of one α chain assembled with one β chain (figure 1). Like the BCRs and 
TCRs, the corresponding genes encoding the receptors consist of a constant region and 
an antigen binding variable region (Jouvin-Marche et al., 2009). The gene 
differentiation starts with rearrangement of the heavy chain gene followed by the light 
chain gene in BCRs (Busslinger, 2004). In TCRs, the β chain is initially rearranged 
followed by α chain rearrangement. Different parts of the variable region are encoded 
by different sets of gene segments: The variable regions of the receptors are encoded by 
different sets of gene segments, V (variable), D (diverse), and J (joining) segments. One 
segment from each set is combined to generate a complete functional, variable region 
(Jouvin-Marche et al., 2009). This random process generates a large repertoire of BCRs 
and TCRs, which is further increased by frame shift mutations, amino acid 
substitutions, and somatic hypermutations (Baranov & Eppel', 1984).  
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Figure 1. An overview of a B cell receptor and a T cell receptor. The B cell receptor consists of two light 
chains and two heavy chains. The upper part of these chains constitutes the variable region where it can 
bind the antigen. The T cell receptor consists of an α and β chain which also are divided into a constant 
and variable region. The variable region is where antigen binding takes place.  

Lymphocytes with functional receptors are appointed to a process known as central 
tolerance in the generative lymphoid tissues, i.e. thymus for T cells and bone marrow 
for B cells. That means that the lymphocytes can distinguish between self and non-self 
antigens and will be tolerant to all self antigens present in the generative lymphoid 
tissues. TCRs and BCRs with high affinity for self-antigens provoke apoptosis or 
receptor editing, i.e. further rearrangement of the BCR light chain gene or TCR α chain 
gene to stop recognizing the self antigen. The third option for self reactive lymphocytes 
is a state known as anergy, i.e. inactivation of self-reactive lymphocytes (Klein et al., 
2009). 

The immature lymphocyte migrates to peripheral lymphoid tissues where peripheral 
tolerance occurs, but it is inevitable that some lymphocytes will escape these negative 
selection mechanisms resulting in some mature self-reactive lymphocytes (Parish & 
Heath, 2008). This is what occurs in autoimmune conditions, tolerance fails and 
autoreactive B lymphocytes are activated and can propagate long-lived autoantibody 
responses, degrading self tissue (Vinuesa et al., 2009).  

 

1.2 Autoimmune polyendocrine syndrome type 1  

Autoimmune polyendocrine syndrome type 1 (APS-1), also named APECED 
(autoimmune polyendocrinopathy, candidiasis and ectodermal dystrophy) is a rare 
disorder targeting both endocrine and non-endocrine tissues. Major disease components 
of APS-1 are adrenal insufficiency, hypoparathyroidism, and candidiasis, i.e. chronic 
Candida spp. infecions (Kämpe, 2009). In most countries in the world APS-1 is a rare 
disease with no significant gender preference. However, APS-1 has a significantly 
higher prevalence among patients from Sardinia, Italy (1:14,400), Finland (1:25,000), 
and Iran (Iranian Jews) (1:6,000-9,000) (Lankisch et al., 2009). 
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Clinical presentation 

The major disease components are hypoparathyroidism, adrenocortical failure, and 
chronic mucocutaneous candidiasis (table 1). A diagnosis can be established when two 
out of these three components are present, although if a sibling is suffering from APS-
1, only one disease component is sufficient to give a diagnosis (Lankisch et al., 2009) 

APS-1 patients develop autoimmunity in several organs such as adrenal glands, 
melanocytes of the skin, and parathyroid glands (table 1). Moreover, almost all APS-1 
patients suffer from Candida spp. infections. The cause of the APS-1 patients’ 
susceptibility to candidiasis is still unknown (Gustafsson et al. 2004, Lankisch et al., 
2009). 

Table 1. The most commonly occurring clinical aspects of APS-1, their frequency 
among patients 1, and correlation to different autoantigens, readily used in diagnosis. 
Disease component Frequency Associated autoantigen 
Chronic Candida spp. infections ~100% ? 
Hypoparathyriodism 80% NALP5 2

Addison’s disease (adrenal failure) 73% SCC, 21-OH 3

Alopecia 73% TH 4
Gonadal failure 60% SCC 5

Intestinal Symptoms 18% Histidine decarboxylase, GAD65 
TPH 3 

Vitiligo 12% SOX9, SOX10 6
Autoimmune hepatitis 11% CYP1A2, AADC, TPH 3
Type 1 Diabetes Mellitus 11% GAD65, IA2, insulin 3, 7

Respiratory symptoms ? KCNRG 8
1) Lankisch et al., 2009. 2) Alimohammadi et al., 2008. 3) Söderbergh et al., 2004. 4) Hedstrand et al., 
2000.  
5) Winqvist et al., 1995. 6) Hedstrand et al., 2001. 7) Burbelo et al., 2010. 8) Alimohammadi et al., 2009. 

The Autoimmune regulator gene  

APS-1 is caused by gene defects in the AutoImmune REgulator (AIRE) gene, 
expressed mainly in thymic epithelial cells. The AIRE gene is localized on chromosome 
21q22.3 and is expressed in cells involved in induction and maintenance of immune 
tolerance (Lankisch et al., 2009). 

AIRE regulates transcription of a number of potential autoantigens and prevents 
autoimmunity by its role in the negative selection process. In the negative selection, 
autoreactive T cells are identified and eliminated during their maturation in thymus. If 
this process is impaired, as in APS-1, autoimmunity will arise (Park et al. 2005). To 
date, more than 50 mutations have been identified in the coding region of AIRE and the 
most frequent mutations lead to transcription of a truncated, apparently nonfunctional 
protein (Lankisch et al., 2009). 

 6



1.3 Candidate autoantigens associated with APS-1 

NACH-LRR- and pyrindomain-containing protein 2 

Recently, NACH-LRR- and pyrindomain-containing protein 5 (NALP5) has been 
identified as an important autoantigen in APS-1, which could explain the immune 
attack on the parathyroid glands (Alimohammadi et al., 2008). The protein NACH-
LRR- and pyrindomain-containing protein 2 (NALP2) shows homology to NALP5 in 
its amino acid sequence and has been reported to be important in the induction of 
human beta defensins (HBDs). HBDs are small antimicrobial peptides capable of 
suppressing infections (Ji et al., 2009). The recent discovery of NALP5 as an 
autoantigen in APS-1, its homology to NALP2, and the role of NALP2 in induction of 
HBDs, suggest NALP2 as a candidate autoantigen in APS-1, which could explain the 
cause of the Candida infections seen in these patients. 

Microphthalmia-associated transcription factor A  

Microphthalmia-associated transcription factor a (MITF-A) is showed to be involved in 
melanocyte and osteoclast development. Upregulation of MITF-A results in expression 
of key melanogenic proteins such as tyrosinase-related protein 1 and 2 (Park et al., 
2006). This makes MITF-A a candidate autoantigen associated with vitiligo, which is a 
condition when the melanin producing melanocytes are lost due to genetic, 
environmental, or autoimmune factors (Kakourou, 2009). This result in sharp 
depigmented patches of the skin and the disease affects around 1% of the world’s 
population (Kakourou, 2009). Melanocytes are also present in mucous membranes and 
in the retina. Vitiligo can appear in association with autoimmune diseases like APS-1 or 
in isolated form (Kakourou, 2009). 

Caspase Recruitment Domain-Containing Protein 9  

Previous work has revealed that Caspase Recruitment Domain-Containing Protein 9 
(CARD9) is highly expressed in dendritic cells and in macrophages and that CARD9 is 
a central regulator of innate immunity against fungi, bacteria, and viruses. The protein 
has been shown to have an essential role downstream of the antifungal-recognition 
receptor Dectin-1. Furthermore, CARD9 has been shown to be involved in the NF-
kappaB pathway via the Immunoreceptor tyrosine-based activation motif (ITAM) 
(Ruland, 2008). Therefore, CARD9 may be a target for immunodeficient patients 
suffering from chronic mucocutaneous candidiasis. A previous study of a family with 
susceptibility to fungal infections showed that all four affected family members had a 
homozygous point mutation in CARD9, whereas healthy family members had wild-type 
expression of the CARD9 protein (Glocker et al., 2009). 
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1.4 A case report  

A young, previously healthy patient is studied in the second part of the project. Two 
years ago the patient developed impaired vision, photosensitivity, and pain in the right 
heel bone. X-ray examination of the foot revealed no signs of pathology whilst the 
vision deteriorated and further examination revealed that the patient suffered from 
retinitis. An extensive examination for different rheumatologic disorders was 
performed, but the patient did not fulfil diagnostic criteria for any rheumatologic 
disease and had no heredity for rheumatic disorders. In the last six months, the patient 
had almost entirely lost vision and can now only distinguish between dark and light 
(table 2) (Uppsala university hospital, 2009, unpublished data). 

Table 2. Visual acuity in three months in 2008 in a patient with paraneoplastic 
retinitis1).  
2008 Right Left 
August 0.4 1.0 
September 0.3 0.8 
October 0.2 0.2 

1) Normal visual acuity is 1.0. 

The patient was treated systemically and locally with cortisone with limited effect. Due 
to increased pain in the right heel bone, a magnetic resonance imaging (MRI) 
examination was performed in May 2009 (figure 2). This examination revealed a 
tumour in the heel and cytological investigation of tumour indicated an osteosarcoma or 
Ewing’s sarcoma; hence the most probable diagnosis is malignant bone tumour and 
development of a paraneoplastic retinitis1 (Uppsala University Hospital, 2009, 
unpublished data). 

 

Figure 2: The heel bone of a patient with osteosarcoma or Ewing’s sarcoma. a) X-ray image. b) MRI 
examination.  

                                                 
1 A paraneoplastic syndrome is defined as a situation when a symptom arises as the consequence of 
cancer but is not a direct effect of the presence of the malignant tumour. 
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1.5 Cancer-associated retinopathy (paraneoplastic syndromes) 

Cancer-associated retinopathies (CAR) are uncommon ophthalmic disorders with 
autoantibodies directed to various retinal components resulting in progressive vision 
loss over weeks or moths. Evaluation usually reveals an underlying malignancy, which 
makes this condition a paraneoplastic syndrome. Patients suffering from CAR often 
experience a rapid, bilateral, and painless vision loss (Khan et al., 2006). The diagnosis 
can be confirmed with immunofluorescence techniques to detect circulating anti-retinal 
antibodies. In most cases of CAR, the eye manifestation is noticed before the 
malignancy is diagnosed (Adamus, 2009).  

CAR usually affects older adults with equal gender prevalence. The malignancy most 
commonly associated with CAR is small-cell lung cancer. The symptoms and signs 
depend on what retinal components are affected (Khan et al., 2006).  

The retina 

The retina is a thin, extremely complex layer of neural sensory tissue and it is the 
innermost layer of the posterior part of the eye. The retina contains sensory cells and 
neurons necessary for the sense of sight and is considered a part of the central nervous 
system. The retina is made up by several discrete cell layers, each with an important 
function in seeing and recognition. Photoreceptors, i.e. rods and cones, convert light to 
potential changes of retinal neurons, which are directed further via synapses with 
bipolar cells to the retinal ganglion cells which in turn are connected to the brain via the 
optic nerve. The rods allow limited night vision and cones are responsible for color 
vision and function best in bright light (Dowling, 1987). 

Diagnosis 

If autoantibodies to retinal antigens are present in patient’s serum, immunological 
detection methods such as Western blot, immunoprecipitation, and 
immunohistochemistry can be used for diagnosis. However, several different 
autoantigens have been shown to be associated with the clinical features of CAR 
(Heckenlively & Ferreyra, 2008) (Khan et al., 2006).  

 

1.6 cDNA expression libraries 

A cDNA expression library is a collection of copies of complementary DNA (cDNA) 
clones made from the mRNA in a specific tissue by the enzyme reverse transcriptase. 
Hence, cDNA libraries contains only coding DNA in contrast to genome DNA libraries 
which include non-coding regions as well (Cowell & Caroline, 1997). 

The initial step in cDNA library construction is mRNA extraction followed by reverse 
transcription into single stranded cDNA by reverse transcriptase and removal of excess 
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mRNA. Double stranded cDNA is produced by DNA polymerase and can then be 
cloned into Escherichia coli based vector by restriction endonucleases and DNA ligase. 
Bacteria are then infected or transformed with the phage, or plasmid vector, and the 
bacteria containing the vector are selected, and stocks of the bacteria are created. When 
the library is made, it can be screened for clones of interest (Cowell & Caroline, 1997).

cDNA library screening 

A cDNA library can be screened with patient serum to determine if there are any 
autoantigenic proteins in the tissue. E. coli cells infected with a phage library are grown 
on plates. By placing nitrocellulose filter previously soaked in isopropyl thiogalactoside 
(IPTG) onto the bacterial lawn, gene expression is induced when the cloned gene is 
inserted after a lac promoter. Hence, each spot on the nitrocellulose membrane will 
correspond to expression from one plaque on the plate. The membranes are then washed
in several steps and subjected to patient serum to detect whether the serum appears to  
contain antibodies towards any of the proteins present on the filter. Such expression
suggests they are candidate autoantigens The primary antibody is detected by an 
alkaline phosphatase-conjugated  secondary antibody (Cowell & Caroline, 1997).

 
1.7 Aims 
 
 In the first study, the aim was to identify and characterize proteins which may be 
targeted by the immune system causing autoimmunity associated with chronic Candida 
spp. infections and vitiligo in APS-1 patients.  
 
In the second study, the aim was to identify and characterize candidate autoantigens 
connected to cancer-associated retinopathy.  
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2. Results 

2.1 In vitro synthesis of candidate autoantigens 

In vitro transcription and translation (ITT) was used to produce radioactively labelled 
candidate autoantigens associated with chronic Candida spp. infections and vitiligo in 
APS-1 patients. Initially, the ITT reaction did not yield enough NALP2 protein, and the 
NALP2 gene in the resulting clone had to be cloned from the pCMV6-XL4 vector into 
a pTNT vector for better gene expression. Amplification of the NALP2 gene confirmed 
that the pTNT vector probably contained the NALP2 gene, approximately 150 base 
pairs in length (figure 4). The clones were sequenced for further confirmation.  

 

Figure 4: Five NALP2 clones in pTNT after subcloning from the pCMV6-XL4 vector to the pTNT 
vector and amplification with PCR. The wells were loaded as follows: 1: 1 kb+ size marker, 2-6: NALP2 
clones 1-6, 7: negative control. 8: 50 bp size marker. 

 

The in vitro transcription and translation products NALP2, MITF-A, and CARD9 were 
analyzed by polyacrylamide gel electrophoresis for size confirmation. MITF-A, 
CARD9 with Sp6 and NALP2 yielded bands of expected sizes (figure 3). The positive 
control was the protein luciferase. 
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Figure 3. Polyacrylamide gel electrophoresis of in vitro-synthesized MITF, CARD9 and CFA proteins. 
Autoradiograms with 35S-labeled proteins produced by in vitro transcription and translation. The bands 
represent the different proteins produced and indicate size. The proteins were analysed with a 5% sodium  
dodecyl sulfate polyacrylamide gel. Gel A shows the protein MITF-A (56 kDa). Gel 
B shows CARD9 (59 kDa) expressed from an SP6 promoter and a T7 promoter. Gel C shows NALP2 (121 kDa). 

 

2.2 Evaluation of the candidate autoantigens NALP2, CARD9, and MITF-A by 
immunoprecipitation. 

The 35S-labeled antigens produced with ITT were used in subsequent 
immunoprecipitation reactions with patient sera, using 20 000 cpm per analysis. The 
antigen-autoantibody complexes formed correspond to the amount of autoantibodies in 
sera from APS-1 and vitiligo patients. The threshold values for positive patients were 
calculated as the mean index value for blood donors plus three standard deviations. The 
index value was calculated as: [cpm in the unknown sample–cpm in the negative 
standard]÷[cpm in the positive standard– cpm in the negative standard]. All samples 
with index values above the threshold value were considered positives, i.e. had 
considerably higher autoantibody titers than the controls. 

The immunoprecipitation with APS-1 and vitiligo patient sera did not demonstrate 
significantly higher antibody titers, compared to the healthy blood donors, towards any 
of the studied candidate autoantigens; NALP2, MITF-A and CARD9. Hence, these 
proteins will not be applicable for diagnosis of the candidiasis or vitiligo afflicting 
APS-1 patients. 
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Figure 7. Relative autoantibody titers in APS-1 and vitiligo patients compared to healthy blood donors. 
Immunoprecipitation of 35S-methionine–radiolabeled autoantigens with serum from patients or healthy 
blood donors gave the index values on the y-axis which correlate to autoantibody titers in serum samples. 
The threshold line indicates the upper limit of the normal range, defined as the mean of the values 
obtained for the healthy blood donors plus 3 SD. Positive samples were those above the autoantigen 
specific index threshold value. Panel A shows the NALP2 autoantigen immunoprecipitated with APS-1 
patients (n=8) and blood donors (n=6), with the p-value: 0.473. Panel B shows the MITF-A autoantigen 
immunoprecipitated with vitiligo patients (n=99), APS-1 patients (n= 12) and healthy blood donors 
(n=72) giving the p-value: 0.254. In panel C, the CARD9 autoantigen was immunoprecipitated with 
APS-1 patients (n=48) and healthy blood donors (n=48) using the T7 promotor vecor system giving the 
p-value: 1.0. Panel D shows CARD9 immunoprecipitated with APS-1 (n=48) and blood donors (n=48) 
have autoantibodies against CARD9 when using the SP6 promoter vector system giving the p-value: 
0.495. 

 

2.3 A candidate 90-100 kDa protein was found in porcine retina and human 
tumour tissue. 

Western blots reaction upon extracts of porcine retina and tumour tissue from the young 
patient suffering from cancer associated retinopathy revealed that the patient had 
antibody activity to a retinal protein antigen approximating 90-100 kD present in the 
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tumour and retina but absent in the healthy bone tissue from the same patient, which 
was used as control (figure 5). 

 

  

Figure 5: Western blot preparations of porcine retina and human tumor tissue were obtained by 
electrophoresing 30 µl protein extract of porcine retina, human tumour tissue and healthy bone tissue on 
a 12.5% SDS-gel. To the left, the vacuum dried SDS-gel is showed and to the right the 
chemiluminiscence film. The wells were loaded in following order: 1: protein size marker kaleidoscope, 
2: porcine retina tissue, 3: human tumor tissue, 4: healthy bone tissue. The arrow indicates a candidate 
autoantigen, approximately 90-100 kDa.  

 

2.4 cDNA expression library titration and screening 

To identify candidate autoantigens associated with paraneoplastic retinitis a cDNA 
library from porcine retina was screened with serum from the patient suffering from 
paraneoplastic retinitis. The original porcine cDNA library, containing 1x108 clones, 
was diluted 1:10 000 gave rise to approximately 1340 pfu/µl, i.e. 30 µl of the 1:10 000 
dilution gave ~40 000 pfu/plate which is the desirable phage concentration when 
screening a cDNA expression library. 

When expression of the cloned cDNA fragments had been induced, the library was 
screened with serum from the patient with paraneoplastic retinitis. Bound antibodies 
were then detected with an alkaline phosphatase conjugated secondary antibody which 
after a colour development reaction gave positive clones a distinctly darker colour on 
the nitrocellulose membrane. The membranes were matched with the agar dish and 
corresponding plaques were cut out. In the primary screening, 25 potential positive 
clones were picked. In the secondary screening, when the positive clones from the 
primary screening were re-screened, 11 positives were picked. Finally, 7 positive 
clones were picked in duplicates during the tertiary screening. These clones were 
amplified with polymerase chain reaction (PCR) in duplicates and when the PCR 
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products were run on an agarose gel, four of the clones showed successful amplification 
(figure 6). 

 

 

Figure 6: The positive clones from the cDNA expression library screening, amplified in a polymerase 
chain reaction and run on an agarose gel. The wells were loaded as follows: 1: 1 kb+ size marker 2: 
negative control. 3: clone 1.1, 4: clone 1.2, 5: clone 2.1. 6: 2.2, 7: 3.1, 8: 3.2, 9: 4.1 10: 4.2, 11: 5.1, 12: 
5.2, 13: clone 6.1, 14: clone 6.2. 15: clone 7.1 16: clone 7.2, 17: 1 kb+ size marker. Each pair of samples 
were isolated plaques taken from the same plate. 

The four clones that were successfully amplified were sequenced and analysed with 
Basic Local Alignment Sequence Tool (BLAST) (table 3). 

Table 3. Result from using Basic Local Alignment Sequence Tool (BLAST) with 
nucleotide sequences from the cDNA expresson library screening.  
Clone Protein 
1 aminoadipate-semialdehyde dehydrogenase (AASDH) 
2 aminoadipate-semialdehyde dehydrogenase (AASDH)  
3 Interphotoreceptor retinoid-binding protein (IRBP) 
4 Polypyrimidine tract binding protein 2  

 

2.6 Autoantibodies directed towards the external limiting membrane 

To identify to which cell layer in retina the target antigen was located to in the patient 
suffering from cancer-associated retinitis, immunohistochemical analyses were 
performed by the use of 6 µm cryosectioned porcine eye. The patient's antibodies were 
assayed upon the sections for interaction with the different cell types and antigens that 
comprise the retina. Antibody binding was visualized using fluorescein-isothiocyanate 
(FITC) conjugated goat anti-human polyvalent immunoglobulin. Background staining 
is 4',6-diamidino-2-phenylindole (DAPI) which stain DNA. Figure 7 demonstrates that 
serum from the previously analysed CAR patient, a patient with isolated retinitis, and 
an APS-1 patient with retinitis, all showed FITC-staining to retinal structures. 
However, the staining pattern of the CAR patient was restricted to the external limiting 
membrane in retina (panel J, figure 8) whereas the patient suffering from retinitis and 
the APS-1 patient had autoantibodies towards other retinal structures. The controls did 
not have any retinal autoantibodies (panel F, G, H, I, figure 8). 
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Figure 8. Immunostaining of a porcine eye tissue with patient serum samples from different individuals. 
Green colour represents FITC-conjugated antibodies and blue colour DAPI stained DNA, i.e. cell nuclei. 
Scale bars represents 100 µm in all panels. A) Gross appearance and histology of a 6 µm cryosectioned, 
hematoxylin-eosine stained porcine eye. B) Enlargement of the posterior inferior portion of retina, shown 
by the red square in panel A. Different cell layers in the retina are shown in the figure. C) Staining 
pattern with serum from the patient with paraneoplastic retinopathy D) Staining pattern with serum from 
the patient with isolated retinitis E) Staining pattern with serum from an APS-1 patient with retinitis. F) 
Staining pattern with serum from an APS-1 patient with no manifestations on retina. G)-I) Staining 
patterns with serum from healthy blood donors. J) Staining pattern with serum from a patient with 
paraneoplastic retinitis in higher magnification. K) Staining patterns with serum from a patient with 
isolated retinitis in higher magnification. L) Staining pattern with serum from the same APS-1 patient in 
panel E in higher magnification. 
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3. Discussion 

3.1 Evaluation of candidate autoantigens 

NACH-LRR- and pyrindomain-containing protein (NALP2) was thought to be involved 
in the first line defence against fungal infections (Ji et al., 2009). Since the vast 
majority of all APS-1 patients suffer from chronic Candida spp. infections, 
autoantibodies against NALP2 are likely to be prominent for this group of patients. The 
immunoprecipitation with eight APS-1 patients with candidiasis resulted in two 
positives in comparison with the controls where there were no positives (figure 7). The 
difference was not statistically significant, however, the positives in this experiment 
suggests that the difference between the groups may be statistically significant in a 
bigger immunoprecipitation assay. Autoantibodies against microphthalmia-associated 
transcription factor A (MITF-A) was thought to be the cause of APS-1 associated 
vitiligo and isolated vitiligo (Park et al., 2006). The results obtained showed no proof 
for MITF-A to be an autoantigen associated with vitiligo (figure 7). Caspase 
Recruitment Domain-Containing Signaling Protein 9 (CARD9) has a central role in 
regulation of the innate immunity against e.g. fungi (Ruland, 2008), although 
immunoprecipitation with APS-1 patients manifested with Candida infection did not 
have substantially higher antibody titers against CARD9 than the controls (figure 7). 

None of the proteins tested seemed to be targeted by the immune system in APS-1 
patients. The threshold values used in the experiments were arbitrary, hence the 
threshold value for positive patients can theoretically be any value where some patients 
have distinctly higher autoantibody titers. 

 

3.2 A candidate protein common for porcine retina and tumour tissue. 

By western blot analysis, a putative 90-100 kDa autoantigen in human tumour tissue 
and porcine retinal tissue was discovered. A protein of equal size was discovered when 
tumour tissue from the same patient was analysed (Uppsala University Hospital, 2009, 
unpublished data). The patient’s autoantibody activity against this protein suggests it as 
a cancer associated retinopathy associated autoantigen. 

It should be mentioned that the patient was treated with seven chemotherapy2 sessions 
before the tumour tissue sample was taken which may have interfered with the tumour 
protein expression.  

 

 

                                                 
2 Chemotherapy is a cytotoxic drug that impairs mitosis in fast dividing cancer cells. 
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3.3 Two isolated retinal proteins may be targets for autoantibodies in CAR.  

The cDNA expression library screening demonstrated two different retinal proteins 
against which the patient had autoantibodies against (table 3). Interphotoreceptor 
retinoid-binding protein (IRBP) is a previously indentified CAR-associated autoantigen 
that shuttles retinoids3 between pigment epithelium and photoreceptor cells in the retina 
(Misiuk-Hojło & Koziorowska, 1995).  The second protein was aminoadipate-
semialdehyde dehydrogenase (AASDH), a member of the acyl-CoA synthetase family 
that activates the alpha-aminoadipate dehydrogenase in the biosynthetic pathway of 
lysine (Human Protein Atlas).   

The positive clones from the cDNA expression library screening that were not 
successfully amplified with PCR could be run in an in vivo excision reaction to get 
better expression. In vivo excision reactions use a helper phage that will excise the 
phagemid from the ZAP Express vector. The helper phage infects cells from the E. coli 
XLOLR strain, and cDNA can be recovered by mini preparations of the plasmids, and 
then sequenced. 

The corresponding genes for the isolated proteins could be used to produce 
autoantigens by in vitro transcription and translation and then be immunoprecipitated 
with sera from patients with retinal manifestations, e.g. CAR patients or APS-1 patients 
with eye symptoms, to establish if patients have autoantobodies against the antigens. If 
autoantibodies against IRBP, AASDH, or any other positive clone, are considerably 
higher in e.g. CAR patients, these autoantigens could be used as molecular biomarkers 
for better diagnosis and prognosis of cancer-associated retinitis. This is of great value 
since the eye symptoms often start before the malignancy is diagnosed (Adamus, 2009).  

 

3.4 Autoantibodies directed towards the external limiting membrane 

The immunohistochemical analysis of porcine retinal tissue stained with the CAR 
patient’s serum revealed a distinct FITC-staining of the retinal cell layer which appears 
to be the external limiting membrane, i.e. the target antigen was located to this cell 
layer. The external limiting membrane connects photoreceptor cells with glial cells. It 
also functions to limit the clearance of large osmotically-active molecules and if it is 
not intact, molecules may leak out and the osmotic balance is disturbed. (Marmor, 
1999). 

 

 

 
                                                 
3 Retinoids are chemical compounds related to vitamin A with roles in vision. 
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4. Materials and Methods 

4.1 Biological material 

Patients and sera.  

Sera were obtained from APS-1 patients of Swedish, Norwegian, Finnish, and Saudi 
Arabian origin, and sera from 24 Swedish healthy blood donors were used as controls 
on each 96-well filtration plates (Millipore) for immunoprecipitation experiments. 
Three patients with eye manifestations were analysed in the second part of this study. 
One previously healthy young patient manifested with malignant bone tumour and 
development of a paraneoplastic retinitis. One patient with isolated retinitis, an APS-1 
patient with retinitis, and an APS-1 patient without retinitis were used in the 
experiment. Healthy blood donors were used as controls. Ethics committee approval 
was obtained from Uppsala University (Permit Up02-415). 

Table 4: Bacterial and phage strains and plasmids used in the studies.  
Strain Relevant properties and resistance marker Source 
E. coli TOPO10  General cloning host. Electrocompetent.  Stratagene 
E. coli XL1-Blue MRF’ General cloning host (TetR) Stratagene 
λ ZAP Express  Contains the pBK-CMV phagemid vector (KanR) Stratagene 
pCMV6-XL4 Cloning vector. T7 polymerase promoter (AmpR).  OriGene 
pOTB7 Cloning vector. SP6 and T7 polymerase promoters 1 

(CamR) 
OriGene 

pTNT  Cloning vector.  SP6 and T7 polymerase promoters 1 

(AmpR) 
Promega 

1)  Either SP6 or T/ promoters can be used for cloning. 

Subcloning.  

The pCMV6-XL4 plasmid carrying the NALP2 gene (OriGene) was electroporated into 
E. coli TOPO 10 electrocompetent cells (table 4) in a pre-cooled 0.2 cm electroporation 
cuvette (2.5 kV, 200 Ω, 25 µf, time constant: 4.6 s). 500 µl soc medium (0.5% yeast 
extract, 2% tryptone, 10 mM NaCl, 2.5 mM KCl, 10 mM MgCl2, 10 mM MgSO4, 20 
mM glucose) was added and the suspension was transferred into a tube that was 
incubated at 37°C, 150 rpm for 1 h. Plasmid-containing cells were selected by plating 
50 µl bacteria on LB agar medium (1 L: 10 g tryptone, 5 g NaCl, 5 g yeast extract, and 
15 g agar) with ampicillin (100 µg/ml) overnight. Untreated cells were used as negative 
control. Single colonies were picked and incubated at 37°C, 300 rpm, overnight, in 4 ml 
LB medium (1 L: 10 g tryptone, 5 g NaCl, 5 g yeast extract) with ampicillin (100 
µg/ml). Subsequent plasmid preparation was performed using Mini Kit I (Qiagen) 
according to the manufacturer’s protocol.  
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The NALP2 gene was cut out from the pCMV6-XL4 vector using fast digest restriction 
enzymes EcoR1 and Not1 (Fermentas) in 1x fast digest buffer (Fermentas). Fragments 
were separated on an agarose gel. The DNA from the fragments of expected sizes were 
cut out on UV-light table and melted at 70°C. Ligation was set up after restriction 
digestion, taking 1:4 vector DNA : construct DNA ratio and was accomplished by use 
of T4 DNA ligase (Invitrogen) according to manufacturer’s instructions.  

 

4.2 Gel electrophoresis and Western blotting 

Sodium dodecyl sulfate polyacrylamide gel electrophoresis 

5% sodium dodecyl sulfate polyacrylamide gels (Bio-Rad) were used to analyse the in 
vitro transcription and translation product in 1xE-buffer (96 mM Tris base, 500 mM 
glycine, 0.4% (w/v) SDS). The radioactive molecular weight marker CFA626 
(Amersham) was used as a molecule weight marker, kaleidoscope as colour molecule 
weight marker and NALP12 as positive control. The samples were mixed with 
Laemmli buffer (Bio-Rad) and β-mercaptoethanol before being loaded on the SDS gel. 
The gel was run at 200 V until the Laemmli buffer had completely run through the gel, 
and was then soaked in room tempered buffer (30% methanol, 10% HAc) for 10 
minutes and dried under vacuum at 65°C for 2 h. The gel was then transferred to a 
cassette and exposed for 12 h before PhosphoImager analysis (Molecular Dynamics). 

Western blotting 

Porcine retina, bone and tumour tissue from the CAR patient described were 
homogenized in CytoBuster™ protein extraction reagent (Novagen®). After 
centrifugation, the supernatants were subjected to 10.5-14% Criterion SDS-PAGE Tris-
HCl gel and transferred to a Hybond-C Extra nitrocellulose membrane (Amersham 
Biosciences). All components were first soaked in cold transfer solution (50 mM Tris, 
40 mM glycine, 4% (w/v) SDS and 20% (w/v) methanol) for 1 minute. After transfer, 
the membranes were blocked with western block buffer (0.1% Tween-20, 5% dry milk 
in PBS) (1 L PBS: 8 g NaCl, 0.2 g KCl, 1.44 g Na2HPO4, 0.24 g KH2PO4) and 
incubated overnight at 4oC with patient sera in dilution 1:1200 and 1:2400. Extract 
from healthy bone tissue from the CAR patient was used as control. Antibody binding 
was detected using a horseradish peroxidise conjugated goat anti-human IgG antibody 
(Bio-Rad) (table 5) diluted 1:1000. All antibodies were diluted in western block buffer. 
After washing, blots were incubated with enzymatic chemiluminescence (ECL) 
superplus (GE Healthcare) according to the manufacturer’s protocol for 15 min. 
Western blot developer and western blot rapid fixer (AGFA Healthcare) were prepared 
according to the manual and the membranes were put in a cassette with a 
chemiluminescence hyperfilm  (Amersham Biosciences) for 30 s. The film was then 
first put in developer, followed by rapid fixer and finally in water before it was dried. 
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Agarose gels.  

0.8% low melting or 2.5% regular agarose gels containing 2 drops 0.25 µg/ml ethidium 
bromide (EtBr) (for 100 ml gel) were run in 1x TAE-buffer (Tris-acetate-EDTA: 40 
mM Tris, 40 mM glacial acetic acid, 1 mM EDTA, pH 8.9) at 100 V for 40 min, and 
visualized using an ultraviolet transilluminator (Bio-Rad). 

 

4.3 Immunological methods 

Table 5: Antibodies used in the studies. 
Antibody Source Dilution 
FITC-conjugated anti-human IgA goat 1:100 
Horseradish peroxidise conjugated anti-human IgG goat 1:1000 
Alkaline phosphatase conjugated anti-human IgG goat 1:3000 
Normal serum goat 1:1500 
Patient sera human  

 

Titration of the cDNA expression library. 

A cDNA expression library had been prepared previously by Eva Landgren in Olle 
Kämpe’s lab in 2009, with isolated messenger RNA from porcine eye, in the λ-ZAP 
Express vector (table 4) according to the instructions of the manufacturer. The library 
contained 1.8 million clones and was immunoscreened with serum from the previously 
described patient with paraneoplastic retinitis (dilution 1:1200). XL1-Blue MRF’ cells 
(table 4) were streaked on LB plates with tetracycline (12.5 µg/ml) and incubated 
overnight at 37oC. Then one single colony was picked and incubated overnight in 100 
ml LB medium with 10 mM MgSO4 and 0.2% maltose at 30oC and 250 rpm. The 
optical density at 600 nm (OD600) was checked until it measured between 0.5-1. The 
suspension was centrifuged at 500 x g for 10 min at 4oC and the pellet was resuspended 
in 10 mM MgSO4 so that the OD600 value was 0.50. For the initial titration of the 
library, it was diluted in SM-buffer (0.58 g NaCl, 0.2 g MgSO4

.7H20, 5 ml 1M Tris-
HCl pH 7.5, 0.5 ml 2% (w/v) gelatine in 100 ml ddH2O) to get 1:100, 1:1000, 1:10 000, 
1:100 000 and 1:1000 000 dilutions. 1µl of each dilution was incubated with 200 µl 
bacteria suspension for 15 min in a 37oC water bath and then mixed with 7 ml 48oC 
NZY top agar (1 L: 5 g NaCl, 2 g MgSO4

.7H2O, 5 g yeast extract, 10 g NZ amine, 7 g 
agar) and poured on pre-heated NZY agar plates (1 L: 5 g NaCl, 2 g MgSO4

.7H2O, 5 g 
yeast extract, 10 g NZ amine, 15 g agar) followed by incubation overnight at 37oC. It 
should be phages that approximately equal 40 000 plaque forming units (pfu).  
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Screening of the cDNA expression library. 

In the primary screening of the library, the library was diluted to 1:10 000 of which 30 
µl was used and 600 µl bacteria suspension was added. The sample was incubated for 
15 min in a 37oC water bath and mixed with 7 ml NZY top agar before being poured on 
NZY plates and incubated at 42oC for 4-5 h. Then, dry Hybond-C Extra membranes 
(GE Healthcare) pre-soaked in 10 mM isopropyl β-D-1-thiogalactopyranoside (IPTG), 
were put on top of the plates followed by incubation for 12 h at 37oC. The membranes 
were then washed 3x5 min with TBS-GT (TBS: 100 mM Tris HCl, pH 8.0, 1.5 M 
NaCl) (2 L: TBS-GT: 200 ml 10xTBS, 2 g gelatine, 10 ml 10% Tween20, 1800 ml 
ddH2O) followed by blocking with TBS 1% gelatine for 1 h. The membranes were then 
washed 3x5 min with TBS-GT and blocked with normal goat serum diluted 1:1500 
(DAKO) (table 5) in TBS-GT for 1 h. As primary antibody, serum from the patient with 
paraneoplastic retinitis was used, diluted 1:1500 in TBS-GT incubated over night. The 
membranes were then washed 3x5 min in TBS-GT before incubation with the 
secondary antibody, goat-antihuman alkaline phosphatase (ALP)-conjugated IgG, 
diluted 1:3000 in TBS-GT (Bio-Rad) (table 5), for 1.5 h. Then the membranes were 
washed 3x5 min with TBS-GT and 1x5 min with TBS-G (500 ml: 50 ml 10xTBS, 0.5 g 
gelatine, 450 ml ddH2O). To detect accumulated alkaline phosphatase, 1 ml 100% 
dimethylformide (DMF) with 1.5% BCIP (5-Bromo-4-Chloro-Indol-Phosphate) and 1 
ml 70% DMF with 30% NBT (Nitro Blue Tetrozolium) were added to 100 ml Tris-HCl 
(pH 9), and 10 ml was added to each plate for 15 min, resulting in colour development. 
The membranes were matched with respectively plate and agar plugs corresponding to 
positive clones were picked and put in 1 ml SM-buffer with 20 µl chloroform.   

The same procedure was then repeated in a secondary screening of the cDNA library, 
where the positive clones from the primary screening were used instead of the original 
cDNA library stock. The positive clones were picked and put in 500 ml SM-buffer with 
10 µl chloroform. In a tertiary screening step, the picked clones from the secondary 
screening were used.  

Immunoprecipitation. 

The 35S-radiolabeled proteins generated by in vitro transcription and translation was 
immunoprecipitated with 2.5 µl of serum from patients and controls on 96-well 
filtration plates (Millipore). All serum samples were analysed in duplicate. The 
antibody–antigen complexes were captured on protein-A Sepharose beads (GE 
Healthcare), and unbound antigen was washed away with ITT wash buffer (0.1% (w/v) 
BSA and 0.15% v/v Tween20 in 150 mM NaCl, 20 mM Tris-HCl pH 8.0, 0.02% NaN3) 
using a vacuum pump (Millipore). Each sample was analysed in duplicate, using 20 000 
cpm per well. The serum samples from a previously established APS-1 patient and 
vitiligo patients were used as positive controls and serum samples from healthy blood 
donors were used as negative controls. The radioactivity of the immunoprecipitated 
material was evaluated using a liquid scintillation counter (Wallac 1450 MicroBeta, 
PerkinElmer) 
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Immunohistochemistry.  

A porcine eye was cryosectioned in 6 µm thick sections that were fixed in acetone and 
stained with hematoxylin-eosin or immuno fluoresced using the vectrastain kit (Vector 
Laboratories). When stained with hematoxylin-eosin, the sections were dipped in 
ddH2O, then covered with hematoxylin (nuclei staining) for approximately 4 min, then 
rinsed with water and dipped in 70% ethanol. Then the sections were rinsed with water 
again and stained with eosin (protein staining) for 2 min before rinsed with water, 
dried, and mounted. Normal goat serum in PBS with 10% Trazylol (Bayer HealthCare) 
was used to minimize non-specific binding. Serum from a patient with paraneoplastic 
retinitis, a patient with isolated retinitis and an APS-1 patient with retinitis were used as 
primary antibodies, each in four different concentrations: 1:50, 1:100, 1:200 and 1:400. 
The sections were incubated over night at 4oC. Antibody binding was detected using a 
fluorescein isothiocyanate (FITC)-conjugated goat anti-human antibody (Jackson 
immunoresearch laboratories) (table 5) in dilution 1:100. All antibodies were diluted in 
PBS, 10% Trazylol. The sections were then analysed under confocal microscope. 

 

4.4 Polymerase chain reaction.  

Amplification of the subcloned NALP2 gene 

A polymerase chain reaction (PCR) was run for amplification of the NALP2 gene in the 
pTNT vector, using T7 primers (table 6) and other PCR components according to table 
7. Thermocycling conditions used an initialization denaturation of 95°C for 2 min 
followed by 30 cycles of 95°C for 20 s, 55°C for 20 s and 72°C for 30 s and the cycles 
are ended with a final elongation at 72°C for 4 min.  

Table 6. Oligonucleotides used in the PCR and sequencing reactions. 
Primer Sequence (5’-3’) 
T7 NALP2 forward (22-mer) 1) GTA ATA CGA CTC ACT ATA GGG 
T7  NALP2 reverse (19-mer) 2) TAT GCT AGT TAT TGC TCA G
SP6 3) ATT TAG GTG ACA CTA TAG 
M13-20 4) GTA AAA CGA CGG CCA GT 
BK rev 5) ACA GGA AAC AGC TAT GAC CTT G 
T3 (20-mer) 6) AAT TAA CCC TCA CTA AAG GG 
T7 (22-mer) 7) GTA ATA CGA CTC ACT ATA GGG C 
1) 2) PCR primers for NALP2. 3) Sequencing primer for NALP2. 4) 5)  PCR primer for ZAP Express.  
6) 7)Sequencing primer for ZAP express. 
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Table 7. PCR components used for the amplification of the NALP2 gene. 
Component Volume (µl) 
MgCl2 (50 mM) 8 
10x PCR buffer (Invitrogen) 20 
Platinum Taq (Invitrogen) 2 
cDNA (150 ng/µl) 1 
Reverse primer (5 µM) 5 
Forward primer (5 µM) 5 
dNTP (25 mM) 4 
ddH20 146 

 

Amplification of the positive clones from cDNA library screen. 

An Expand HiFi PCR system (table 8) with the positive clones from the cDNA 
expression library sceening, were run with BK reverse and M13-20 primers (table 6). 
The two mastermixes were mixed in a 1:1 ratio. The reactions started with an 
initialization step at 94°C for 2 min followed by 10 cycles of 94°C for 15 s, 52°C for 30 
s and 68°C for 2 min. This was followed by 15 cycles where the 68°C for 2 min is 
increased by 20 s for in each cycle. The cycles are ended with a final elongation at 
72°C for 6 min. 

Table 8. PCR components used for the amplification of the cDNA expression library 
screening products. 

PCR component Volume (µl) 
  Mastermix I        Mastermix II 

ddH20 16.6 19.25 
10x PCR buffer - 5 
Enzyme - 0.75 
dNTP (25 mM) 0.4 - 
Forward primer (10 µM) 1.5 - 
Reverse primer (10 µM) 1.5 - 
DNA template 5 - 

Sequencing.  

The NALP2 PCR product was sequenced using T7 and SP6 primers (table 7), by chain 
terminator sequencing. The ZAP Express vectors with isolated cDNA clones were 
sequences with T3 and T7 primers (table 7) (Rudbeck Laboratory, Uppsala Genome 
Center). 
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4.5 In vitro transcription and translation.  

A cDNA clone was used for in vitro transcription and translation to generate S-
radiolabeled antigen using the TNT  Coupled Reticulocyte Lysate System (Promega) 
according to manufacturer’s protocol. Luciferase cDNA was used as positive control.  

35

®

Estimation of incorporation.  

35S-methionine incorporation was determined by TCA (trichloroacetic acid) 
precipitation followed by scintillation counting. A 2 µl ITT product sample was treated 
with 100 µl 1 M NaOH, 2% H O2 2 followed by a 10 min incubation in 37°C and then 
precipitated by adding 900 µl 25% TCA and incubation on ice for 30 min. Samples 
were transferred to Whatman filters pre-treated with 1 ml 5% TCA on a vacuum pump 
(Millipore) and washed 5x with 5% TCA and 2x with acetone. The incorporation of 

S-methionine was measured with a Wallac 1414 liquid scintillation counter 
(PerkinElmer) in 2.5 ml Optiphase supermix (PerkinElmer). 
35

An unprecipitated sample 
from the positive control was used to estimate input radioactivity; hence the percent 
incorporation could be calculated as 100x (cpm sample/cpm total). 
 

4.6 Statistics.  

Fisher's exact test was used to determine the association of reactivity to NALP2, MITF-
A and CARD9 with the major clinical manifestation of APS-1 and vitiligo in patients 
with the syndrome. 
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