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Abstract	  
Alzheimers sjukdom (AD) är den vanligaste formen av demens och påverkar miljontals människor världen över.  
Förekomst av senil plack och tangles in hjärnan hos personer med AD har varit ett känt faktum sedan början av 
1900-talet. Flera studier gjorda under de senaste åren har påvisat en koppling mellan AD och Diabetes, då försämrad 
insulin-signalering och nedbrytning av glukos påverkar flera av de molekylära förändringar som uppvisas i AD. I 
det här projektet använde vi oss av immunofluorescence för att studera uttryck och lokalisering av två 
transkriptionsfaktorer involverade i nedbrytning av glukos; NPAS3 och RFX3, i hjärnbarken hos patienter med AD, 
Lewykroppsdemens (DLB) hälsosamma kontroller. Intensiteten på infärgningen antogs vara proportionell mot 
mängden protein och kvantifierades med algoritmer skrivna i ImageJ. Infärgningen av NPAS3 och RFX3 visade inte 
på någon signifikant skillnad mellan de tre kohorterna och för att förstå mer om deras roll i nedbrytningen av glukos 
och om det kan påverka AD, måste både infärgnings- och kvantifieringsprocesserna använda i detta projekt 
optimeras.   
 
Alzheimer’s disease (AD) is the most common form of senile dementia, affecting millions of people worldwide. 
Beta amyloid plaques and neurofibrillary tangles are know to be part of AD pathology since the early nineteen 
hundreds. In recent years evidence showing that impairments in glucose metabolism can initiate plaque- and tangle 
formation, as well as several of the other degenerative mechanisms taking place in the AD brain, suggests a 
potential connection between Alzheimer’s disease and Diabetes. Here we used immunofluorescence to study 
expression of two transcription factors involved in regulation of glucose metabolism; NPAS3 and RFX3. Expression 
of NPAS3 and RFX3 was investigated in temporal cortex from patients with AD, Dementia with Lewy bodies 
(DLB) and non-demented age matched controls. The intensity of the immunofluorescent stainings was assumed to 
be proportional to the amount of stained protein and was quantified in ImageJ. This explorative study did not reveal 
a significant difference between groups and staining- and quantification procedures would have to be optimized in 
order to get a clearer understanding about the role of NPAS3 and RFX3 in glucose metabolism, and if that could 
affect the progression of AD. 
 

Introduction	  
Alzheimer’s disease (AD) is the most common 
cause of dementia worldwide, with patients 
suffering from cognitive impairment and memory 
loss while motor functions stay relatively intact. 
AD is characterized by several neuropathological 
hallmarks, the two major ones being abnormal 
deposits of β-amyloid peptides (Aβ), which form 
senile plaques and neurofibrillary tangles 
composed of hyper phosphorylated tau protein (H-
tau). 

The amyloid precursor protein (APP) can be 
processed by a number of different proteases 
resulting in different fragments. When processed 

by proteases referred to as β- and γ-secretases it 
will produce the Aβ40 and Aβ42 peptides prone to 
aggregate into fibrils in the extracellular space 
(Haass et al., 1992; Selkoe, 2004). Under normal 
conditions Aβ is thought to be degraded by 
enzymes and cleared from the brain through efflux 
(Tanzi, Moir, & Wagner, 2004). The Amyloid 
Cascade Hypothesis states that an imbalance 
between production, degradation and clearance of 
Aβ leads to development of AD, which ultimately 
results in neuronal degeneration and dementia 
(Blennow, de Leon, & Zetterberg, 2006; Hardy & 
Selkoe, 2002). This hypothesis is supported by the 
fact that individuals with familial AD possess 
mutations in the genes for both APP and other key 



	  
	  

proteins involved in the processing of Aβ 
(Rovelet-Lecrux et al., 2006; Scheuner et al., 
1996). 
 Tau is an axonal protein known to bind 
microtubule to promote its assembly and stability. 
In patients with AD tau becomes abnormally 
phosphorylated (Grundke-Iqbal et al., 1986) and 
accumulates as tangles of paired helical filaments 
(PHF) inside neurons (Iqbal et al., 2005). The 
phosphorylation of tau is regulated by multiple 
kinases and phosphatases but the exact mechanism 
triggering increased phosphorylation observed in 
AD is not clear (Iqbal et al., 2005). The Amyloid 
Cascade Hypothesis states that tangle formation 
occurs as a downstream event of altered kinase 
and phosphatase activity due to neuronal 
dysfunction (Hardy & Selkoe, 2002). However, it 
has also been suggested that the hyper 
phosphorylation is caused by conformational 
changes in tau it self, which makes it better suited 
for phosphorylation (Iqbal et al., 2005).  
 Dementia with Lewy Bodies (DLB), 
including Parkinson’s disease, is a common form 
of dementia that similarly to AD is characterized 
by abnormal accumulation of proteins. The so-
called Lewy bodies accumulate inside the 
neuronal cell body and consist mainly of 
phosphorylated α-synuclein (α-syn) (Spillantini et 
al., 1997), usually present in vesicles in the 
cytoplasm (H.-J. Lee, Bae, & Lee, 2014). 
 Apart from senile plaques and formation of 
tangles, several other degenerative events take 
place in the brain of patients suffering from AD. 
Some of these events, such as neuro-
inflammation, oxidative stress, and excitotoxicity 
could arise as a result of cellular stress due to 
accumulation of Aβ and PHF, or they themselves 
could also be contributing to disease progression 
(Mattson & Magnus, 2006). Another theory 
gaining ground in recent years claims that these 
events, including formation of plaques and 
tangles, arise due to insufficient glucose 
metabolism and that AD might in fact be a version 
of type 2 diabetes (De La Monte & Tong, 2014; 
de la Monte & Wands, 2005; Han & Li, 2010). 
Transport of glucose into cells is facilitated by 
insulin and disturbances in this pathway can lead 
to development of type 2 diabetes, a metabolic 
disease characterized by accumulation of glucose 
in the blood (Saini, 2010). Glucose metabolism is 
essential for generation of ATP, which in turn is 
needed for many cellular processes like signal 
transduction, transport, and protein- DNA and 
RNA synthesis (Cooper & Hausman, 2009). 
Insulin receptors indirectly control the activity of 

enzymes like glycogen synthase kinase, 
phosphatidylinositol-3 kinase and PKerk36, 
involved in the processing of both APP and tau 
protein (Hoyer, 2004). Studies in mice shows 
increased hyper phosphorylation of tau as a result 
of knockdown of insulin receptors (Schubert et al., 
2004). Increased expression of insulin receptors 
have been reported in AD patients, indicating 
impairments in insulin signaling (Hoyer, 2004). A 
study conducted in Sweden revealed that men who 
showed an impaired insulin response in mid-life 
were at greater risk of developing AD than men 
who had a normal response to insulin (Ronnemaa 
et al., 2008). The increasing evidence of a 
metabolic connection between AD and diabetes 
makes the investigation of glucose metabolism in 
the AD brain that much more relevant in order to 
increase our understanding of the mechanisms 
leading to the development of AD. 
 Many pathways and countless proteins have 
been studied for a potential implication in AD 
pathogenesis but as mentioned, no definite 
explanation exists. A group of proteins under 
represented in these efforts, are transcription 
factors. Transcription factors (TF) are proteins that 
regulate transcription of DNA and can do so by 
interfering with RNA polymerase II binding. The 
binding of a transcriptional activator to the 
promoter sequence (e.g. TATA-box, GC-box) of a 
gene will initiate assembly of other TF’s and RNA 
polymerase into a transcription complex, thus 
enabling transcription of the gene. The binding of 
a transcriptional repressor will interfere with the 
assembly of the complex and consequently block 
transcription. There are both general TF’s that are 
part of the transcriptional complex for a wide 
range of genes and TF’s specific to one or a few 
genes (Cooper & Hausman, 2009). Transcriptional 
regulation of certain AD related genes have been 
studied for implication in disease initiation, but 
the overall focus thus far has been on the 
regulatory elements rather than the TF’s (Theuns 
& Van Broeckhoven, 2000). However, Blalock et 
al. (2004) found TF’s including NPAS3, when 
studied as a protein group, to be significantly up 
regulated in AD as compared to other protein 
groups. Mutation or expressional alterations of 
TF’s are known to contribute to disease initiation 
and progression in different types of cancer, 
autoimmune and inflammatory diseases as well as 
developmental diseases and diabetes (T. I. Lee & 
Young, 2013). 
 As DLB, together with AD and vascular 
dementia, is one of the most common causes of 
dementia (World Health Organization, 2012) and 



	  
	  

some alterations to glucose metabolism is part of 
normal aging (Kalyani & Egan, 2013), it is an 
interesting cohort to compare to when studying 
glucose metabolism in AD. In this project we 
investigated the expression of a selected set of 
TF’s linked to glucose metabolism, expressed by 
neurons in the cerebral cortex. Our goals were to 
1) identify changes in TF expression in AD 
compared to DLB/PD and non-demented controls 
and 2) visualize expression and distribution of 
these changes in order to understand more about 
their effect on molecular pathways. However, 
investigating all TF’s involved in AD was outside 
the scope of this project, and starting form a list of 
63 TF’s that were either brain-enriched or showed 
up-regulated mRNA levels in AD the study was 
narrowed down to two targets implicated in 
glucose metabolism. Here we present a study of 
NPAS3 and RFX3 expression in temporal cortex 
of patients suffering from Alzheimer’s disease as 
compared to patients with Parkinson’s disease 
with Lewy Body dementia, and non-demented 
controls, using and immunofluorescence 
approach. 

Material	  and	  Methods	  

Brain	  tissues	  
Human post-mortem brain samples from 12 AD 
patients, 10 DLB patients and 15 healthy controls 
were obtained from the Netherlands Brain Bank, 
Netherlands Institute for Neuroscience, 
Netherlands (Ethical permission no. EPN 
2013/474-31/12). Tissue was received as 
formalin-fixed (4% formaldehyde) paraffin 
embedded blocks of both frontal and temporal 
cortex. 
	  
Frontal	  cortex	  sections.	  Frontal cortex tissue from 
10 AD patients (Braak stage 6; Amyloid deposits 
stage C), 10 DLB (Braak stage 5-6; Amyloid 
deposits stage 0-B) patients and 9 healthy controls 
(Braak stage 1; Amyloid deposits stage 0-C) 
(Appendix	  1:	   Table	  2), were cut into 4 µm thick 
sections (Human Protein Atlas, Uppsala 
Universitet, Sweden).  
	  
Temporal	   cortex	   tissue	   micro	   arrays.	   Tissue 
micro arrays (4µm thick) were made out of 
temporal cortex tissue from 10 AD patients (Braak 
stage 6; Amyloid deposits stage C), 10 DLB 
dementia patients (Braak stage 5-6; Amyloid 
deposits stage 0-B) and 9 healthy controls (Braak 
stage 0-1; Amyloid deposits stage 0-B)  (Table	  1).	  

Each patient was represented by two tissue cores 
(58 in total), and two additional cores of human 
colon were present at the top of the slide to mark 
the orientation of the TMA (Appendix	   2:	   Figure	  
10).	  

Selecting	  transcription	  factors	  
The selection of target proteins was a continuous 
process that started with a list comprised of 63 
TF’s known to be either brain-enriched, showed 
an interesting immunohistochemical staining 
pattern or displayed up regulated mRNA levels in 
AD (Blalock et al., 2004). The TF’s from the list 
were assed based on the following criteria: a) if 
they were found to be up or down regulated in 
AD, b) if they were brain enriched (Sjöstedt et al., 
2015), c) what their expression looked like using 
immunohistochemistry, d) in which types of cells 
they were expressed, e) their subcellular location, 
g) and if they had any interesting interactions with 
other proteins.  

From the second list seven candidates 
(ATF3, MLC1, NEUROD1, NPAS3, RFX3, ZIC1 
and TCF3) were chosen for further analysis. All 
candidates were reported to be involved in 
neurogenesis, neuronal development or –
differentiation, apart from ATF3 which had only 
shown clear connections to brain trauma in 
general. All selected targets were stained and 
quantified before NPAS3 and RFX3 were chosen 
as the final candidates based on expression pattern 
and connection to AD pathology. 

Immunostaining	  
Disease	   characterization.	   Twenty-nine frontal 
cortex sections, one from each patient (Appendix	  
1:	  Table	  2), were stained with primary antibodies 
against Aβ, PHF-tau and α-syn. Antibody targets 
and dilution factors are listed in Appendix	   1:	  
Table	   3	   and	   4. Appendix	   1:	   Table	   5 shows the 
reagents and incubation times for each step of the 
protocol, which was carried out using an 
automated stainer (Leica Bond RX). The staining 
was done in sequence to avoid cross reactivity 
when applying secondary antibodies raised against 
the same species. After staining lipofuscin auto 
fluorescence was blocked by incubation in 1% 
Sudan Black for 5 min. All slides were then rinsed 
in 70% ethanol and mounted with ProLong® Gold 
antifade reagent with DAPI (Life technologies).  
 
Transcription	   factors	   and	   downstream	   targets.	  
TMA’s were stained manually or automatically 
(Leica Bond RX) after automatic dewaxing and



	  
	  

Table	  1	  -‐	  Donor	  information	  for	  TMA’s	  used	  for	  stainings	  of	  transcription	  factors.	  Braak	  stages	  for	  AD	  and	  DLB	  describes	  occurrence	  of	  H-‐tau	  
and	   Lewy	   bodies,	   respectively.	   Amyloid	   deposits	   stage	   describes	   the	   occurrence	   and	   spread	   of	   senile	   plaques.	   Abbreviations:	   PMD.	   Post	  
mortem	  delay;	  NBB.	  Netherland	  Brain	  Bank.	  

Case	  
ID.	  

NBB	  ID.	   Gender	   Age	  (y)	   Braak	  
stage	  AD	  

Amyloid	  
deposits	  
stage	  

Braak	  stage	  
DLB	  

PMD	  (h)	   Diagnose	  

A1	   2006-‐060	   Female	   83	   6	   C	   0	   04:55	   Alzheimer's	  disease	  
A2	   2009-‐040	   Male	   83	   6	   C	   n/a	   06:10	   Alzheimer's	  disease	  
A3	   2010-‐051	   Male	   74	   6	   C	   n/a	   07:40	   Alzheimer's	  disease	  
A4	   2012-‐060	   Female	   80	   6	   C	   0	   04:00	   Alzheimer's	  disease	  
A5	   2013-‐021	   Female	   96	   6	   C	   0	   05:05	   Alzheimer's	  disease	  
A6	   2007-‐068	   Female	   70	   6	   C	   1	   05:20	   Alzheimer's	  disease	  
A7	   2012-‐068	   Male	   88	   6	   C	   n/a	   05:30	   Alzheimer's	  disease	  
A8	   2012-‐125	   Male	   71	   6	   C	   n/a	   06:35	   Alzheimer's	  disease	  
A9	   2008-‐047	   Male	   77	   6	   C	   n/a	   06:35	   Alzheimer's	  disease	  
A10	   2009-‐086	   Female	   84	   6	   C	   n/a	   04:50	   Alzheimer's	  disease	  
B1	   2010-‐027	   Male	   81	   1	   O	   5	   05:50	   Park.	  dis.	  with	  dementia	  
B2	   2009-‐070	   Male	   76	   1	   O	   6	   04:05	   Park.	  dis.	  with	  dementia	  
B3	   2010-‐097	   Male	   72	   1	   A	   6	   04:00	   Park.	  dis.	  with	  dementia	  
B4	   2008-‐090	   Female	   80	   1	   O	   5	   05:00	   Lewy	  bodies	  variant	  
B5	   2009-‐056	   Male	   74	   1	   O	   5	   06:45	   Park.	  dis.	  with	  dementia	  
B6	   2008-‐065	   Male	   72	   1	   O	   6	   04:30	   Dementia	  with	  s.i.c.c.	  /	  L.b.v.	  
B7	   2011-‐031	   Male	   83	   0	   O	   6	   04:30	   Lewy	  bodies	  variant	  
B8	   2008-‐089	   Male	   84	   1	   A	   5	   09:00	   Park.	  dis.	  with	  dementia	  
B9	   2009-‐058	   Male	   69	   1	   A	   5	   09:15	   Park.	  dis.	  with	  dementia	  
B10	   2011-‐097	   Male	   90	   1	   B	   6	   04:05	   Lewy	  bodies	  variant	  
C1	   2011-‐111	   Male	   93	   1	   O	   n/a	   05:05	   Non-‐demented	  control	  
C2	   2010-‐038	   Female	   79	   1	   O	   0	   10:30	   Non-‐demented	  control	  
C3	   2011-‐028	   Female	   81	   1	   O	   0	   04:25	   Non-‐demented	  control	  
C4	   2011-‐017	   Male	   83	   1	   B	   n/a	   05:45	   Non-‐demented	  control	  
C5	   2005-‐020	   Male	   79	   1	   A	   1	   06:30	   Non-‐demented	  control	  
C6	   2011-‐091	   Male	   76	   0	   O	   0	   06:45	   Non-‐demented	  control	  
C7	   2013-‐016	   Male	   83	   1	   A	   1	   05:15	   Non-‐demented	  control	  
C8	   2011-‐039	   Female	   91	   1	   B	   0	   04:15	   Non-‐demented	  control	  
C9	   2011-‐049	   Female	   83	   1	   B	   0	   04:40	   Non-‐demented	  control	  

antigen retrieval at pH 9.0 in 100°C.  The TMA’s 
were incubated with 0.03% H2O2 in 1xPBS for 60 
min before incubation with primary antibodies. 
Incubation times varied between 240 min and 36 
hours depending on if the staining was carried out 
manually or in the automated stainer. After 
primary incubation the arrays were incubated in 
TNB for 30 min before application of secondary 
antibodies in TNB for 90 min. Stainings that 
included the Tyramide amplification signal system 
required an additional incubation of 15 min to 
allow for amplification. Downstream targets of 
RFX3 were stained in sequence to avoid cross 
reactivity. Antibody targets and dilution factors 
are listed in Appendix	   1:	   Table	   6 and 4. TMA’s 
were incubated in 1% Sudan Black for 5 min and 
rinsed in 70% ethanol subsequently to staining 
before being mounted with ProLong® Gold 
antifade reagent with DAPI (Life technologies). 
 
Both NPAS3 and RFX3 were stained in two 
separate experiments using different antibodies 

and different incubation times.  NPAS3 was 
stained using HPA004157 with an incubation time 
of 24 hours (NPAS3-1) and HPA002892 
incubated for 36 hours (NPAS3-2). The same 
antibody (HPA035689) was used for both RFX3 
stainings, but the TMA was incubated for either 4 
hours (RFX3-1) or 36 hours (RFX3-2). 

Image	  acquisition	  
Images were captured using the tile scan function 
with a Vslide scanning microscope (MetaSystems, 
Alltlussheim, Germany) equipped with a 
CoolCube 2 Camera (8 bit grey scale), 2.5x, 5x, 
10x and 20x objectives and filter sets for 
DAPI(EX350/50-EM470/40), FITC(EX493/16-
EM527/30), Cy3(EX546/10-EM580/30), 
Cy3.5(EX581/10-EM617/40) and Cy5(EX630/20 
– 647/long pass). Slides were scanned at either 
10x or 20x. The acquired images were stitched in 
Vslide (MetaSystems, Alltlussheim, Germany) 
before inspection in Metaviewer (MetaSystems, 
Alltlussheim, Germany). Images of NPAS3-2 and 



	  
	  

RFX3-2 were corrected for uneven illumination 
using the CIDRE plugin (Smith et al., 2015). 
Images were extracted and processed as described 
below.  

Quantification	  
Image processing was executed using algorithms 
written in ImageJ (NIH software, USA) 
(Appendix	   3:	   Macro	   1-‐4). The two tissue cores 
from each individual case were selected and the 
images of all used channels were stacked into one 
file to simplify the quantification process. The 
background intensity (median intensity of the 
whole core) was measured in the channel of 
interest and subtracted from the measured 
intensities before quantification. A selection of 
nuclei was done in the blue channel (DAPI 
staining) and all identified cells were classified as 
either neuronal or glial based on pixel intensity 
variance, due to difference in aggregation of DNA 
in neuronal and glial nuclei. The mean pixel 
intensity was measured for all neuronal nuclei in 
the channel of interest and was assumed to be 
proportional to the amount of stained protein.  In 
the case that the DAPI staining was too weak to 
detect an acceptable number of cells (>10), the 
intensity of the DAPI channel was multiplied by 
2.5 to enable detection of a larger amount of cells. 
For disease characterization images were captured 
using both reflective- and transmission light. The 
accuracy of the selection was investigated by 
manual inspection of a total of 30 quantified tissue 
cores from 3 different TMA’s. There were three 
ways in which the selection was graded as false, 
1) when a glial nuclei was classified as a neuronal 
nuclei, 2) when a neuronal nuclei was classified as 
a glial nuclei and 3) when clusters of nuclei was 
classified as one neuronal nuclei. 
 
Data	   analysis.	   Statistical significance was 
determined for the differences in protein 
expression between cohorts using a one-way 
ANOVA, followed by a Tukey’s range test 
(α=0.05). The same test was conducted to 
examine the differences in gender within each 
cohort, while differences in expression between 
genders was evaluated using an unpaired students 
t-test (two-tailed, α=0.05). 

Results	  

Disease	  characterization	  and	  preparation	  for	  
creation	  of	  TMA	  
To examine the characteristics of AD and DLB, 
and to facilitate creation of new tissue micro 
arrays for future experiments, sections of frontal 
cortex tissue were stained with antibodies against 
disease markers for AD and DLB: Aβ, H-tau and 
α-syn (Figure	   1). The acquired images were 
inspected visually and as expected, high amounts 
of Aβ were observed in the gray matter of all AD 
cases, however, some sections showed more 
abundant staining than others. The plaques were 
uniformly spread over all the cortical layers 
(Figure	  2). Only a few plaques could be identified 
in the DLB and control cases. 
 Staining of H-tau showed high amounts of 
neurofibrillary tangles in gray matter of all AD 
cases but not in any of the DLB or control cases. 
Neurofibrillary tangles were present in all cortical 
layers but were greatest in the outmost and inner 
layers (Figure	  2). 
 Small amounts of α-syn were found in the 
gray matter of sections from all of the three 
groups but the DLB cases showed a much greater 
staining overall. The amount of positive staining 
and the size of the Lewy bodies fluctuated within 
the group. Most of the Lewy bodies were found in 
the deeper cortical layers (Figure	  2). These results 
confirm the already known molecular patterns of 
AD and DLB pathology of AD and enables 
selection of suitable areas to choose for TMA 
creation. 

Macros	  for	  image	  analysis	  
In order to analyse and quantify the expression of 
NPAS3 and RFX3 several algorithms were written 
using ImangeJ (see Material and Methods). The 
macro written to separate the two cores from each 
individual is shown in Appendix	   3:	   Macro	   1. It 
enables the user to separate the two tissue-cores 
form each donor in order to make the files smaller 
and easier to work with, as well as facilitating 
individual measurements. The user chooses which 
folder to select files to process from. The user also 
has to state which antibodies and channels that 
were used before the processing begins. When that 
information is saved the macro opens the first 
picture in the selected folder (always the blue 
channel) and the user has to move a pre-made 
selection-area over the top core. When the user 
presses “Ok” the selection is saved as a new file. 
The exact same selection is then saved for each of 



	  
	  

	  
  

	  
Figure	  1	  –	  Representative	  stainings	  of	  frontal	  cortex	  sections	  from	  one	  AD	  case	  (A-‐C),	  one	  DLB	  case	  (D-‐F)	  and	  one	  Control	  case	  (G-‐I)	  used	  
for	   disease	   characterization.	   All	   sections	   were	   scanned	   using	   transmission	   light	   (A,	   D	   and	   G)	   and	   reflective	   light	   (B,	   E	   and	   H)	   at	   10x	  
magnification.	  	  Gray-‐	  and	  white	  matter	  is	  visible	  as	  light	  gray	  and	  dark	  gray	  areas,	  respectively.	  Gray	  matter	  areas	  are	  outlined	  in	  white.	  The	  
senile	  plaques	  (Aβ)	  and	  H-‐tau	  were	  present	  at	  high	  amounts	  in	  gray	  matter	  of	  AD	  tissue	  (C).	  Small	  amounts	  of	  Lewy	  bodies	  (α-‐syn)	  were	  
present	  in	  all	  cohorts	  but	  DLB	  cases	  showed	  heavier	  staining	  (F).	  Control	  cases	  mainly	  showed	  negative	  staining	  of	  Aβ,	  H-‐tau	  and	  α-‐syn	  (I).	  

Aβ	  /	  TAU	  /	  α-‐synuclein	  



	  
	  

the files corresponding to other channels of the 
same core. The process is then repeated for the 
bottom core before the macro moves on to the 
next blue channel-file, corresponding to the next 
core on the TMA slide. Each picture is saved in 
JPEG format with the date, slide ID, HPA-
antibody, case ID, number of core (top or bottom), 
and channel in the file name. This macro is not 
specific for this particular study and could be used 
for future processing of TMA’s. 

Appendix	  3:	  Macro	  2 shows the macro for 
stacking the images of all used channels from the 
same tissue core in order to simplify the 
quantification step. The user chooses which folder 
to select files to process from, states which 
channels that were used for each antibody and 
how many channels that were used in total. That 
information is saved before the macro starts to 
stack pictures corresponding to the different 

channels from each core, in the order they were 
stated. The stacked images are then saved in TIFF 
format with the date, slide ID, HPA-antibody, case 
ID, number of core (top or bottom) and the word 
“Stack” in the file name.  

The macro for background measurement 
(Appendix	   3:	   Macro	   3) gives the user the 
opportunity to select an area of the active image 
within which it measures the mean, minimal, 
maximum and median pixel values. The user 
chooses which folder to select files to process 
from and states the slide ID for the active TMA. 
The first file is then opened and the user has to 
make a selection in which to do the analysis. The 
measurement is done for all 58 tissue cores within 
the TMA and the values for each individual core 
is saved in an excel file. 

 

	  
	  

	  
Figure	  2	  –	  Estimation	  of	  spread	  and	  expression	  of	  disease	  markers	  for	  AD	  and	  DLB:	  Aβ,	  H-‐tau	  and	  α-‐syn,	  in	  cortical	  layers	  I-‐VI	  of	  one	  AD	  case	  
(A),	  one	  DLB	  case	  (B)	  and	  one	  control	  case	  (C).	  Senile	  plaques	  (Aβ)	  were	  found	  uniformly	  spread	  over	  all	   layers.	  H-‐tau	  was	  present	  within	  all	  
layers	  but	  was	  greatest	  in	  the	  outermost	  and	  innermost	  layers.	  Lewy	  Bodies	  (α-‐syn)	  were	  mainly	  found	  in	  the	  innermost	  layers.	  

Aβ	  /	  TAU	  /	  α-‐synuclein	  

A	   	   	  	  	  B	   	  	   	  	  	  	  	  	  C	  



	  
	  

The median value can then be subtracted 
from the measured intensities for the cells of the 
corresponding core before quantification. This 
macro has to be run for each channel separately 
and thus require the user to assemble all images 
corresponding to the same channel in one folder. 

The macro for measuring protein expression 
is presented in Appendix	   3:	   Macro	   4. The user 
chooses which folder to select files to process 
from. Before the processing begins the user must 
state which channels has been used and which 
should be quantified. The user then has to select a 
smaller area of the image in which to analyze. 
This selection is made in the blue channel (DAPI 
staining) in the stacked file. Next a part of the 
selected image that does not contain cells has to be 
outlined to compensate for the background 
staining in the blue channel. The macro then 
separates the nuclei based on size and pixel 
variance and the area of each individual nucleus is 
saved as a selection. All selections are then 
classified as either neuronal- or glial nuclei based 
on the mean value of the variance and all 
selections corresponding to a neuronal nucleus are 
saved. Next the macro measures the intensity 

within the saved selections in the image 
corresponding to the channel that was stated. The 
measurements for all selected cells is then saved 
in an excel file before the next stack-file is 
opened.  

The accuracy of the macro for 
quantification was estimated by looking at how 
many cells were miss-classified. Three different 
types of miss-classification occurred; 1) glial 
nuclei classified as neuronal nuclei, 2) neuronal 
nuclei classified as glial nuclei and 3) clusters of 
glial nuclei classified as one neuronal nuclei. Type 
1 and 3 will give rise to false positive results that 
are included in the selection whereas type 2 will 
give rise to false negative results that are not 
included in the selection and therefor not 
measured. Including all types of miss-
classifications the macro is accurate between 70-
93% (M=84%). When only including the false 
positive classifications the accuracy increases to 
80-98% (M=93%). Since the macro was only ever 
used for this project it is hard to say whether the 
accuracy was satisfactory or not. Nevertheless, the 
range of approximately 20% leaves room for 
improvement. 

	  

	  

Figure	  3	  –	  Immunostaining	  of	  NPAS3-‐2,	  H-‐tau	  and	  DAPI	  on	  TMA	  at	  20x	  magnification.	   	  A.	  Whole	  TMA	  showing	  no	  visual	  difference	  in	  NPAS3	  
expression	  between	  the	  three	  cohorts.	  Expression	  of	  H-‐tau	  was	  clear	  in	  all	  AD	  cases.	  B-‐D.	  Bottom	  core	  from	  case	  A5	  showing	  intense	  staining	  in	  
most	  neuronal-‐	  (light	  pink	  DAPI	  staining)	  and	  some	  glial	  nuclei	  (intense	  white	  DAPI	  staining).	  Mean	  intensity=14.91.	  E-‐G.	  	  Top	  core	  from	  case	  B6	  
showing	   similar	   intensities	   as	   A5.	   Mean	   intensity=11.55.	  H-‐J.	   	   Bottom	   core	   from	   case	   C3	   showing	   similar	   intensities	   as	   A5	   and	   B6.	   Mean	  
intensity=15.93.	  	  



	  
	  

	  
Figure	  4	  –	  Quantified	  intensities	  for	  immunostaining	  of	  NPAS3.	  A.	  Mean	  intensities	  for	  each	  cohort	  for	  NPAS3-‐1.	  Mean	  intensities:	  AD=34.27;	  
DLB=36.36;	  Control=44.87;	  p-‐value=0,3911	  B.	  Mean	  intensities	  for	  each	  individual	  case	  (N	  cells	  >30,	  M=96).	  	  C.	  Mean	  intensities	  for	  each	  cohort	  
for	  NPAS3-‐2.	  Mean	  intensities:	  AD=14.09;	  DLB=14.88;	  Control=16.66;	  p-‐value=0.5904	  D.	  Mean	  intensities	  for	  each	  individual	  case	  (N	  cells	  >46,	  
M=104). 

Staining	  and	  quantification	  of	  NPAS3	  
In order to investigate if NPAS3 was differently 
expressed in patients with AD, as compared to 
DLB and non-demented controls, TMA’s of 
temporal cortex from the three cohorts were 
stained with antibodies against NPAS3. Figure	   3 
shows the staining of NPAS3-2. Most AD cases 
showed heavy staining of PHF-tau in comparison 
to all DLB and control cases. NPAS3 did not 
show any distinct difference in expression 
between the cohorts upon visual inspection (Fig.	  3	  
B,	  E,	  and	  H). Most neuronal- and a subset of glial 
nuclei showed an intense staining of NPAS3 
compared to the background in all cohorts.  

As no distinct difference between the 
cohorts could be detected visually, images were 
quantified using ImageJ (see Materials and 
Methods) (Appendix	  3:	  Macro	  1-‐4). The analysis 
included >46 cells from each case (M=104) for 
NPAS3-1 and >30 cells from each case (M=97) 
for NPAS3-2. Neither of the two slides showed a 
significant difference in NPAS3 expression 
between the three cohorts (Figure	   4). A greater 

variance was detected for all 29 cases for NPAS3-
1 (Fig.	  4	  B) in comparison to NPAS3-2 (Fig.	  4	  D). 

Both NPAS3-1 and NPAS3-2 showed 
evidence of cytosolic expression of NPAS3 in 
neurons, in addition to nuclear expression (Figure	  
5). Upon visual inspection it was evident that 
cytosolic expression occurred in approximately 
twice as many DLB and control cases compared to 
AD, whereas the total number of cases showing a 
cytosolic expression was lower for the NPAS3-2 
staining. 

 

	  
Figure	   5	   –	   Showing	   evidence	   of	   cytosolic	   expression	   of	   NPAS3	   in	  
NPAS3-‐1.	  

  



	  
	  

Staining	  and	  quantification	  of	  RFX3	  
By staining TMA’s with antibodies against RFX3, 
differences in expression between AD, DLB and 
non-demented controls could be investigated. 
Similarly to NPAS3, Figure	  6 shows the staining 
of RFX3-2 in which the expression of H-tau 
displays the same pattern as described earlier. 
Similar to NPAS3, the expression of RFX3 did 
not show any distinct difference between the 
cohorts upon visual inspection (Fig.	  6	  B,	  E,	  and	  H). 
Most neuronal nuclei showed an intense staining 
in all cohorts whereas the staining of most glial 
nuclei did not differ from the background staining. 

Since no visual difference between the 
cohorts could be detected the images were 
quantified in the same manner as for NPAS3. The 

analysis included >10 cells from each case 
(M=65) for RFX3-1 and >45 cells from each case 
(M=104) for RFX3-2. Neither of the two slides 
showed a significant difference in RFX3 
expression between the three cohorts (Figure	   7). 
The RFX3-1 staining (Fig.	  7	  A	  and	  B) had a much 
lower mean intensity for many of the cases across 
the cohorts in comparison RFX3-2. 

Expression intensities for both NPAS3 and 
RFX3 were correlated to gender (Appendix	   2:	  
Figure	   11-‐14) but no significant patterns were 
detected. DLB could not be tested, as there was 
only one female case. The measured intensities 
were also correlated to age and post mortem delay 
but no evident correlation was detected (data not 
shown).

	  

	  
Figure	  6	  –	  Immunostaining	  of	  RFX3-‐2,	  H-‐tau	  and	  DAPI	  on	  TMA	  at	  20x	  magnification.	  A.	  Whole	  TMA	  showing	  no	  visual	  difference	  in	  RFX3	  
expression	  between	  the	  three	  cohorts.	  Expression	  of	  H-‐tau	  was	  clear	  in	  all	  AD	  cases.	  B-‐D.	  	  Top	  core	  from	  case	  A3	  showing	  medium	  staining	  in	  
most	  neuronal	  nuclei	  light	  pink	  DAPI	  staining.	  Most	  glial	  nuclei	  (intense	  white	  DAPI	  staining).	  show	  weak	  staining.	  Mean	  intensity=25.46.	  E-‐G.	  	  
Top	  core	  from	  case	  B8	  showing	  similar	  intensities	  as	  A3.	  Mean	  intensity=30.91.	  H-‐J.	  	  Top	  core	  from	  case	  C9	  showing	  similar	  intensities	  as	  A3	  and	  
B8.	  Mean	  intensity=	  16.28.	  

Staining	  and	  quantification	  of	  GCK	  and	  
ZCWPW1	  

One downstream target of RFX3, 
Glucokinase (GCK), and one Zinc finger, CW 
type with PWWP domain 1 (ZCWPW1) known to 
affect binding of RFX3, were investigated in order 
to investigate how their expression correlates with 
RFX3. Due to issues encountered during our 
staining protocol (sequential staining sometimes 

resulted in dried-out slides), and time limitations, 
the expression of GCK and ZCWPW1 could not 
be properly quantified together with the 
expression of RFX3, but rather only inspected 
visually. GCK was expressed in the cytosol of 
several neurons, most of which seemed to be 
pyramidal neurons based on shape of the cell body 
(Figure	   8). In the few cases where sequential 
staining of RFX3 was successful, intensity of 



	  
	  

GCK appeared to correlate to the intensity of the 
RFX3 staining. GCK generally showed a weaker 
staining in AD cases compared to DLB and 
Control cases, but not by much. ZCWPW1 was 
differently expressed across all cases, showing no 
obvious pattern in any cohort. Some cases showed 
high expression in the cytosol of a sub-set of 
neurons whereas others showed weak or high 
expression in almost all neurons (Figure	   9). The 
RFX3 staining was too uneven to visualize any 
correlation between expression intensities. 

Discussion	  

Staining	  of	  disease	  markers	  for	  AD	  and	  DLB	  
displayed	  expected	  patterns	  
Immunostainings of disease markers for AD and 
DLB in frontal cortex sections revealed high 
amounts of both Aβ and H-tau in the gray matter 
of donors with Alzheimer’s disease (Figure	  1). As 
both senile plaques and the neurofibrillary tangles 
are known to be part of AD pathology, there was 
nothing surprising about theses results. They do, 
however, confirm that our staining procedure 
work. The antibodies used in this study were 

specific for their targets given that none of the 
control and DLB cases showed any staining of 
PHF-tau and only few of them showed small 
amounts of senile plaques.  

Gray matter contains the majority of the cell 
bodies whereas white matter consists mainly of 
myelinated axons and only very few cell bodies 
(Purves et al., 2008). Most of the cellular 
processes connected to the pathology of AD and 
DLB are known to take place within or in close 
proximity to the cell body (Braak, Braak, 
Grundke-Iqbal, & Iqbal, 1986; Kosaka, 1978). 
Since our findings show that the disease markers 
are mainly located within the gray matter we can 
conclude that gray matter ought to be favored over 
white matter for creation of a TMA comprised of 
AD tissue. 

In accordance with previous discoveries we 
found Aβ to be evenly distributed over all the 
cortical layers (Figure	   2). The H-tau was also 
present in all layers but appeared to accumulate to 
a higher degree in the superficial and deep cortical 
layers, which has been observed previously (Braak 
& Braak, 1991) 

. 

	  
Figure	   7	   -‐	   Quantified	   intensitites	   for	   immunostaining	   of	   RFX3.	  A.	  Mean	   intensities	   for	   each	   cohort	   for	   RFX3-‐1.	  Mean	   intensities:	   AD=5.18;	  
DLB=9.72;	  Control=9.58;	  p-‐value=02052	  B.	  Mean	  intensities	  for	  each	  individual	  case	  (N	  cells	  >10,	  M=65).	  	  C.	  Mean	  intensities	  for	  each	  cohort	  for	  
RFX3-‐2.	   Mean	   intensities:	   AD=23.82;	   DLB=25.62;	   Control=26.40;	   p-‐value=0.8534	  D.	   Mean	   intensities	   for	   each	   individual	   case	   (N	   cells	   >45,	  
M=104).



	  
	  

The staining pattern of α-syn, in the DLB 
cases also appear similar to known patterns (Braak 
et al., 2003) and looks promising compared to 
previous experiments where the α-syn antibodies 
used seemed to target ‘normal’ pre-synaptic 
terminals rather than Lewy bodies (Bäcklin Bergh, 
2014). The presence of small amounts of Lewy 
bodies in AD and control cases are not surprising 
as accumulations of α-syn has occasionally been 
seen in AD (Kotzbauer, Trojanowsk, & Lee, 
2001) and aggregation of proteins in general is a 
normal consequence of aging (Mattson & 
Magnus, 2006). The differences in aggregation of 
Aβ, H-tau, and α-syn found between cases within 
the same cohort are most likely due to individual 
differences, which have been observed before 
(Braak & Braak, 1991). 

The division of gray matter into cortical 
layers in Figure	  2 is only an estimation based on 
previous descriptions of the layers (Purves et al., 
2008), as well as identification of gray and white 
matter areas in the transmission light images along 
with visual observation of cellular density in the 
DAPI staining, and the size of the areas should not 
be considered as an absolute truth. In order to get 
a more reliable distribution in future experiments, 
markers of different cortical layers could be added 
to the staining protocol. Several genes with layer-
specific expression have been identified 
(Molyneaux, Arlotta, Menezes, & Macklis, 2007), 
and combining staining of these with our 
antibodies of interest would provide a better 
estimation of cortical distribution. The different 
layers consist of more or less distinct cell 
populations that vary in their connections to other 
brain areas. The first three layers (I-III) mainly 
comprise pyramidal neurons with connections to 
other cortical areas and axons that can reach 
across the two hemispheres. Layer IV contains 
stellate neurons with locally connected axons and 
receive inputs mainly from the thalamus. The two 
last layers (V and VI) comprise pyramidal neurons 
with connections outside of the cortex (Purves et 
al., 2008). 

 For creation of a TMA it could be of 
interest to know which cortical layers are present 
in the tissue. Depending on the intention of the 
study, the knowledge of what cortical layer the 
targeted protein is expressed in could provide 
valuable insight on function and relevance to the 
disease. 

Selection	  of	  transcription	  factors	  
The selection of NPAS3 and RFX3 as 

targets was based on their involvement in 

neurogenesis and glucose metabolism. For a long 
time it was a common belief that neurogenesis 
only occurs during the development of the brain in 
the pre- and post-natal periods and that neurons 
could not be regenerated later in life. This view 
was first questioned in the 1960’s with several 
studies since that have provided proof of adult 
neurogenesis in several animals, including humans 
(Eriksson et al., 1998; Kuhn, Dickinson-Anson, & 
Gage, 1996). The potential functions of adult 
neurogenesis include improvement of memory 
and learning ability, regulation of pheromone-
related behaviors in mating and social recognition, 
as well as repair after brain injury and neuronal 
degeneration (Ming & Song, 2011; Parent, 2003). 
As it has been suggested that AD have an effect 
on adult neurogenesis (Haughey et al., 2002; Jin et 
al., 2004), and that several transcription factors, 
including CREB, NeuroD and Pax6 have been 
reported to have an involvement in neurogenesis 
following neuronal damages due to stroke (Ruan 
et al., 2014), we hypothesized that the neuronal 
stress observed in AD might trigger a similar 
response. Since energy metabolism and 
maintaining homeostasis is crucial for neurons, 
and the major pathological processes in AD are 
mediated by impairment in energy consuming 
processes like protein folding, degradation and 
clearance we focused our investigation on NPAS3 
and RFX3, which had also been associated with 
changes in glucose metabolism, in addition to 
being involved in early brain development. Based 
on the suggested connection between AD and 
impaired glucose metabolism, we decided that the 
focus of the project would be on the expression of 
NPAS3 and RFX3 in AD.  

NPAS3 (Neuronal PAS domain protein 3) 
belongs to the bHLH-PAS superfamily that is 
known to recognize the E-box promoter sequence 
(Ellenberger, Fass, Arnaud, & Harrison, 1994). 
NPAS3 is thought to be involved in the maturation 
and differentiation of neurons as well as adult 
neurogenesis in hippocampus (Kamnasaran, Muir, 
Ferguson-Smith, & Cox, 2003; Pieper et al., 2005; 
Sha et al., 2012). Several studies have shown 
correlations between down regulation of NPAS3 
and psychiatric illness, especially schizophrenia 
(Erbel-Sieler et al., 2004; Sha et al., 2012; J. 
Wong et al., 2013). In addition, altering the 
expression of NPAS3 in human embryonic kidney 
(HEK) cells and mice affects expression of 
proteins involved in glycolysis (Sha et al., 2012). 
Binding of the E-box promoter have also been 
implicated in regulation of glucose metabolism 
(Moates, Nanda, Cissell, Tsai, & Stein, 2003). 



	  
	  

RFX3 (Regulatory Factor X3) is a 
transcription factor containing the RFX DNA-
binding domain and can bind to DNA as both 
mono- and hetero dimer (W Reith et al., 1994; 
Walter Reith et al., 1990). It is involved in 
ciliogenesis during early brain development in 
several cell types including ependymal cells and 
guidepost neurons (Benadiba et al., 2012; El Zein 
et al., 2009). Apart from involvement in 
ciliogenesis it has been associated with expression 
of Glucokinase (GCK) and Glucose transporter 2 
(GLUT-2) in the murine pancreas (Ait-Lounis et 
al., 2007; Ait-lounis et al., 2010) 

A candidate that could also have been a 
potential target, but was discarded due to poor 
staining results, was NEUROD1. It has shown 
involvement in both neurogenesis (Guo et al., 
2014; Kuwabara et al., 2009) and glucose 
metabolism and insulin expression in pancreas as 
it, similarly to NPAS3, interacts with the  (Moates 
et al., 2003; Sharma et al., 1999; W. P. S. Wong et 
al., 2010).  

No	  significant	  difference	  of	  NPAS3	  
expression	  found	  between	  cohorts	  
We found no significant differences in NPAS3 
expression between the cohorts when measuring 
the mean intensities within neuronal nuclei (Figure	  
4). As NPAS3 has only been associated with the 
disease in one study (Kohannim et al., 2012) there 
is of course a  possibility that it is not involved in 
AD, and that is why we could not detect any 
difference between the cohorts. However, if AD is 
a form of type 2 diabetes and develops as a result 
of insulin resistance and poor glucose metabolism 
(De La Monte & Tong, 2014), NPAS3 could be 
expected to be either up- or down regulated, 
depending on if it was part of the pathology or 
induced as a response to the pathology. What kind 
of effect NPAS3 has on glucose metabolism is, 
however, not entirely clear. It is known to bind the 
E-box promoter, present in the GCK gene 
(Ellenberger et al., 1994; Moates et al., 2003) and 
in vivo studies shows that NPAS3 knockdown 
mice have an impaired metabolism and increased 
levels of glucose in the brain (Sha et al., 2012). 
Insulin resistance found in type 2 diabetes leads to 
lower influx of glucose into the cells (Saini, 
2010), which in turn leads to a decreased 
production of ATP and pyruvate. NPAS3 
knockdowns have glucose present within in the 
cells but metabolism is impaired, leading to 
accumulation of glucose and thus a lower 
production of ATP. This generates a similar effect 
as insulin resistance and if we had found NPAS3 

expression to be decreased that could have 
indicated that it somehow contributes to the 
disease progression. Whereas if we would have 
found it to be increased it could mean that it was 
induced as a response to the low glucose levels 
caused by the disease. However, the same study 
found that over-expression of NPAS3 in HEK 
cells resulted in decreased expression of several 
enzymes active during glycolysis but the over-all 
effect in metabolite abundance was not obvious 
(Sha et al., 2012). These results make it difficult to 
speculate about the potential involvement of 
NPAS3 in AD, especially given that we found no 
difference in expression between cohorts. 
Addition of a qPCR study might have given more 
insight into what to expect but could not be done 
due to time constraints. 

NPAS3-1 was found to have a bigger 
variance in mean intensity of NPAS3 than 
NPAS3-2. One possible explanation for this 
finding is the illumination correction that was 
carried out for NPAS3-2 but not NPAS3-1. Issues 
with uneven illumination on behalf of the 
microscope can give rise to an apparent tiling-
effect in the stitched image, which leaves some 
parts of the image brighter than others.  This can 
be an concern for quantification of cells in both 
brighter and darker areas of the image, because 
some cells could give rise to a false measurement 
that is either very a high or very low. This could 
be an explanation for the larger variance observed 
within each case, as seen in Figure	  4. 

NPAS3	  displayed	  cytosolic	  expression	  in	  all	  
cohorts	  
Our results showed cytosolic expression of 
NPAS3 in a subset of the tissue cores in both 
NPAS3-1 and NPAS3-2. Several proteins, 
including polymerases, histones and transcription 
factors are transported to and from the nucleus 
depending on their function (Cooper & Hausman, 
2009). The fact that NPAS3 was found in the 
cytosol of some neurons could indicate that 
NPAS3 is not actively promoting transcription in 
those cells, in comparison to the neurons for 
which only nuclear expression was found. Upon 
visual inspection cytosolic expression seemed to 
occur more often in DLB and control cases as 
compared to AD. This could be interpreted as 
NPAS3 being more active in neurons in AD than 
in the other cohorts, although it could also be due 
to the fact that some tissue sports on the TMA 
may not properly represent the tissue as a whole. 
In order to draw any conclusions a more thorough 



	  
	  

quantification would have to be conducted, but it 
is an interesting discovery nonetheless.  

No	  significant	  difference	  of	  RFX3	  expression	  
found	  between	  cohorts	  
The results for the quantification of RFX3 were 
very similar to the results for NPAS3 in that no 
significant difference could be detected between 
cohorts (Figure	  7). Similarly to NPAS3, RFX3 is 
implicated in glucose metabolism. Inhibition of 
RFX3 expression in mature β-cells of mice 
significantly lowers expression of GCK and 
GLUT-2 (Ait-lounis et al., 2010). GCK is one of 
the hexokinases that facilitates the first step in 
glycolysis (the conversion of glucose to glucose 6-
phosphate) (for review see, Iynedjian, 2009). A 
decrease in GCK could thus slow down the rate of 
glucose metabolism and give a similar response as 
insulin resistance, as discussed earlier. GCK is 
mainly present in liver and pancreas (Magnuson, 
1992) but has also been found to be expressed in 
glucose-sensing neurons, especially in the 
hypothalamus (Dunn-Meynell, Routh, Kang, 
Gaspers, & Levin, 2002). Expression of GCK is 
regulated by two different promoters, one specific 
for liver and another specific for β-cells and brain 
(Iynedjian, 2009; Magnuson & Shelton, 1989; 
Magnuson, 1992). Consequently, as RFX3 appear 
to regulate GCK in β-cells, once could 
hypothesize that it would also regulate GCK 
expression in the brain. As a result, we could 
speculate that if we had found a down regulation 
of RFX3 in AD it could have indicated 
contribution to the disease whereas an up 
regulation could have been interpreted as a 
response to low glucose levels. However, as no 
difference in expression of RFX3 was found 
between cohorts nothing can really be said about 
its involvement in AD.  

The RFX3-1 staining showed low mean 
intensities of RFX3 in comparison to RFX3-2. A 
possible explanation for this could be the 
difference in incubation time (4 hours for RFX3-
1; 36 hours for RFX3-1), as the staining protocol 
for slide RFX3-1 was carried out in an automated 
stainer, while the RFX3-2 slide was stained 
manually. While the mean intensitiy was low, 
RFX3-1 (not shown) displayed high expression of 
RFX3 in several neurons. This could be true 
expression, or we did not detect any meaningful 
differences due to a small sample size.  

	  
	  

	  
Figure	   8	   –	   Expression	   of	   GCK	   in	   relation	   to	   RFX3.	   White	   arrows	  
indicate	   cells	   showing	   intense	   staining	   of	   both	   RFX3	   and	   GCK.	   A.	  
Combined	  staining	  of	  RFX3	  and	  GCK.	  B.	  Staining	  of	  GCK.	  

Downstream	  target	  of	  RFX3	  displayed	  
cytosolic	  expression	  in	  pyramidal	  neurons	  
GCK was investigated in order to see if and how 
its expression correlated with the expression of 
RFX3. Due to issues with the staining (slides 
drying out during sequential staining) GCK could 
not be properly quantified. However, the slide was 
still investigated visually and GCK was found in 
the cytosol of several pyramidal neurons and 
seemed to correlate to the intensity of RFX3 in the 
few cases where both proteins could be detected. 
These findings correlates with the manner in 
which RFX3 seems to regulate GCK, however, as 
GCK expression has never been studied in human 
pyramidal cells of the cortex before, and we could 
not properly quantify its expression in our 
samples, no conclusion about its involvement in 

B	  

GCK	  /	  RFX3	  

A	  



	  
	  

AD or correlation to RFX3 expression can be 
drawn at this time. 

It might have been interesting to conduct a 
staining of GCK together NPAS3, as it is known 
to interact with the E-box present in the GCK 
gene. However, interactions between NPAS3 and 
the E-box in the GCK gene have never been 
studied specifically and the staining was thus 
decided against. 

No	  clear	  connection	  between	  histone	  
modifier	  ZCWPW1	  and	  RFX3	  expression	  
ZCWPW1 is a histone modifier containing the 
zinc finger C domain that known to be involved in 
epigenetic regulation (He et al., 2010), and have 
been associated to Late onset AD in a genome 
wide association study (Beecham et al., 2014).  A 
connection between ZCWPW1 and RFX3 has 
only been reported once (Rosenthal & Kamboh, 
2014), and the manner of connection is not 
entirely clear. At first we perceived ZCWPW1 as 
being a downstream target of RFX3, similarly to 
GCK, and conducted a staining of ZCWPW1 
together with RFX3. Upon further investigation 
we came to the conclusion that ZCWPW1 is not a 
target of RFX3 but that it could in fact regulate the 
binding of RFX3 to other targets. Making that 
assumption, it would have been more interesting 
to investigate expression of ZCWPW1 together 
with a target of RFX3. Even so, some proteins 
regulate their own expression through feedback 
loops (Clark & Pazdernik, 2012) and it is possible 
that expression of RFX3 could be affected by 
modifications carried out by ZCWPW1. While 
this has not been reported for RFX3, RFX1 that is 
part of the same protein family represses its own 
promoter (Lubelsky, Reuven, & Shaul, 2005)  
 

	  
	  

Figur	  9	  –	  Staining	  of	  ZCWPW1	  showing	  high	  expression	  in	  a	  subset	  of	  
neurons.	  

and there could be a possibility that RFX3 might 
do the same. 

As histone modifications would presumably 
take place within the nucleus, ZCWPW1 present 
in the cytosol could consequently be assumed to 
be in an inactive state, or it could have an 
additional function outside of the nucleus. Upon 
visual inspection ZCWPW1 was found in the 
cytosol of neurons across all cohorts and did not 
show any pattern or correlation for a specific 
cohorts. Given that the expression of RFX3 could 
not be quantified together with ZCWPW1 no 
conclusions can be made as to what their relation 
might be. An interesting observation however, is 
the fact that sub-sets of neurons showed higher 
expression of ZCWPW1, but as so little is known 
about ZCWPW1 further studies would have to be 
made in order to make any speculation as to why. 

Potential	   improvements	   of	   macro	   used	   for	  
quantification	  protein	  expression	  
The macro used for quantification of NPAS3 and 
RFX3 based the selection of where to analyze the 
expression upon the DAPI staining in the blue 
channel. We included DAPI staining on all slides 
because it outlines the nucleus, thereby providing 
us an easy way to create a selection that would be 
similar for each run. However, even though the 
same amount of mounting media was used for all 
slides there were problems with differences in 
intensity between and within the slides. Some 
cores on one slide could have a very strong blue 
staining whereas others had not. This caused the 
selection of cells to be very different for different 
cores, where some had an n>100 and others could 
barely detect n>10. To provide a more robust and 
reliable quantification for future experiments, 
protocols for the used antibodies, processing of 
slides and images would need to be further 
optimized. 

Another measure that could be taken in 
order to increase the number of data points, apart 
from optimizing the detection of data points 
would be to make the area analyzed for each core 
larger. Unfortunately this was not possible for this 
project due to time constraints. The macro used 
for these measurements only analyzed 
approximately one fifth of the core for each case, 
which means there is a possibility that the area 
was too small to detect any significant differences 
in expression. Apart from the fact that the selected 
area was small, it was also up to the user to define 
where the measurement should be made. In order 
to increase the reproducibility and avoid bias it 
would be better to have a pre-selected area that 



	  
	  

was not dependent on the user making a selection. 
The fact that the selection is made in the DAPI 
channel, where expression is independent of the 
expression of the target protein did reduce some 
user-bias. If the whole core was selected for 
measurements the risk of these kinds of artifacts 
would be harder to introduce, and the 
reproducibility might increase.  

The accuracy of the macro was found to be 
between 80-98% when only including the false 
positive miss-classifications. It is hard to conclude 
if this range is satisfactory given that this macro 
was only ever used for this project. Running the 
macro on tissue stained with nuclear proteins 
known to be differently expressed between the 
cohorts could have helped in determining if the 
macro was accurate enough or not. Another way 
in which to increase the accuracy would be to look 
into the size constraints of the selection. 
Optimizing the size restrictions for nuclei would 
reduce the number of small glia cells and the large 
clusters of cells. As the macro works now, all 
selected areas are ranked as glial or neuronal 
based on the mean value of the variance and they 
share one unit of intensity (glial < 50 and neuronal 
> 49). One possible solution to decrease the 
number of miss-classifications would be to discard 
cells with intensities around the cut-off values. 
Some data points will of course be lost, but if the 
area analyzed is increased as discussed earlier, 
there will most likely be a sufficient amount of 
data points to ensure an accurate quantification. 

Concluding	  remarks	  
In this study we examined the expression of 
NPAS3 and RFX3 in brain tissue of patients with 
AD as compared to patients with DLB and non-
demented controls. We wrote a macro that 
quantified the intensity of immunofluorescent 
staining within the nucleus of neurons but found 
no differences in expression between cohorts. 
Two possible interaction partners of RFX3 were 
examined but no conclusion about their 
involvement in AD or correlation to RFX3 could 
be made, as issues with the experiment made 
proper quantification unfeasible.  
 
Immunofluorescence is a very useful method for 
visualization of protein localization and 
expression, however, the manner in which target 
proteins are quantified could lead up to different 
conclusions. Counting cells expressing a specific 
protein or looking at distribution within a tissue is 
rather straightforward but when it comes to 
measuring intensity of fluorescence there are 

numerous aspects that could influence the results. 
For future studies, concentrations of antibodies 
together with incubation times have to be 
optimized in order to ensure an accurate 
quantification. The TMA approach used in this 
project, where control tissue is present on the 
same slide as diseased tissue, allows for 
comparison within the same slide.  However, to 
enable comparisons between slides, integration 
times used for capturing images would have to be 
standardized, in addition to the staining 
procedures. For this study individual differences 
between cases might have been too large to enable 
detection of any significant differences for the 
used sample size. Addition of qPCR and 
Westernblot experiments would have made the 
study more comprehensive and would be advised 
in the event of further studies. 
 
While this particular study did not result in any 
clear correlation between transcriptional 
regulation in glucose metabolism and Alzheimer’s 
disease, the increasing evidence for a connection 
between the two makes this an important field for 
further study. As the number of people developing 
either Alzheimer’s disease or Diabetes (or both) 
keeps increasing, understanding the pathologies 
becomes even more important when it comes to 
diagnostics, identifying risk factors and 
development of potential cures. A possible 
connection between these two diseases enables 
sharing of knowledge between the fields, as well 
as new interdisciplinary studies that would 
probably benefit both sides and could lead to a 
faster unveiling of the reasons behind 
development of Alzheimer’s disease.  
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Appendix	  

1.	  Tables	  
Table	  2	  –	  Donor	  information	  for	  frontal	  cortex	  sections	  used	  for	  disease	  characterization.	  Braak	  stages	  for	  AD	  and	  DLB	  describes	  occurrence	  of	  
H-‐tau	  and	  Lewy	  bodies,	  respectively.	  Amyloid	  deposits	  stage	  describes	  the	  occurrence	  and	  spread	  of	  senile	  plaques.	  Abbreviations:	  PMD.	  Post	  
mortem	  delay;	  NBB.	  Netherland	  Brain	  Bank.	  

NBB	  ID.	   Gender	   Age	  (y)	   Braak	  stage	  
AD	  

Amyloid	  
deposits	  stage	  

Braak	  stage	  
DLB	  

PMD	  (h)	   Diagnose	  

2001-‐044	   Male	   85	   5	   C	   n/a	   04:25	   Alzheimer's	  disease	  
2002-‐056	   Female	   85	   5	   C	   n/a	   03:45	   Alzheimer's	  disease	  
2006-‐060	   Female	   83	   6	   C	   0	   04:55	   Alzheimer's	  disease	  
2007-‐068	   Female	   70	   6	   C	   1	   05:20	   Alzheimer's	  disease	  
2008-‐047	   Male	   77	   6	   C	   n/a	   06:35	   Alzheimer's	  disease	  
2010-‐051	   Male	   74	   6	   C	   n/a	   07:40	   Alzheimer's	  disease	  
2012-‐060	   Female	   80	   6	   C	   0	   04:00	   Alzheimer's	  disease	  
2012-‐068	   Male	   88	   6	   C	   n/a	   05:30	   Alzheimer's	  disease	  
2012-‐125	   Male	   71	   6	   C	   n/a	   06:35	   Alzheimer's	  disease	  
2013-‐021	   Female	   96	   6	   C	   0	   05:05	   Alzheimer's	  disease	  
2008-‐065	   Male	   72	   1	   O	   6	   04:30	   Dementia	  with	  s.i.c.c.	  /	  L.b.v.	  
2008-‐090	   Female	   80	   1	   O	   5	   05:00	   Lewy	  bodies	  variant	  
2011-‐031	   Male	   83	   0	   O	   6	   04:30	   Lewy	  bodies	  variant	  
2011-‐097	   Male	   90	   1	   B	   6	   04:05	   Lewy	  bodies	  variant	  
2008-‐089	   Male	   84	   1	   A	   5	   09:00	   Park.	  dis.	  with	  dementia	  
2009-‐056	   Male	   74	   1	   O	   5	   06:45	   Park.	  dis.	  with	  dementia	  
2009-‐058	   Male	   69	   1	   A	   5	   09:15	   Park.	  dis.	  with	  dementia	  
2009-‐070	   Male	   76	   1	   O	   6	   04:05	   Park.	  dis.	  with	  dementia	  
2010-‐027	   Male	   81	   1	   O	   5	   05:50	   Park.	  dis.	  with	  dementia	  
2010-‐097	   Male	   72	   1	   A	   6	   04:00	   Park.	  dis.	  with	  dementia	  
2000-‐137	   Female	   92	   1	   B	   n/a	   07:15	   Non-‐demented	  control	  
2001-‐006	   Female	   91	   1	   B	   n/a	   05:45	   Non-‐demented	  control	  
2001-‐046	   Male	   88	   1	   C	   0	   07:25	   Non-‐demented	  control	  
2009-‐022	   Female	   77	   1	   B	   0	   02:55	   Non-‐demented	  control	  
2010-‐015	   Female	   73	   1	   B	   0	   07:45	   Non-‐demented	  control	  
2011-‐028	   Female	   81	   1	   O	   0	   04:25	   Non-‐demented	  control	  
2011-‐039	   Female	   91	   1	   B	   0	   04:15	   Non-‐demented	  control	  
2011-‐049	   Female	   83	   1	   B	   0	   04:40	   Non-‐demented	  control	  
2013-‐016	   Male	   83	   1	   A	   1	   05:15	   Non-‐demented	  control	  
	  

Table	  3	  –	  Primary	  antibodies	  used	  for	  disease	  characterization	  in	  frontal	  cortex	  sections.	  

Antibody	  name	   Target	   Dilution	  factor	   Animal	   Company	  
Beta-‐Amyloid	  (4G8)	  Monoclonal	  
Antibody,	  Biotin	  Labeled	  

Amino	  acid	  residue	  17-‐24	  of	  beta	  amyloid	  
(Aβ)	  	  

1:400	  
	  

Mouse	   Covance	  Inc.	  

Anti-‐Human	  PHF-‐Tau	  Monoclonal	  
Antibody,	  Biotin	  Labeled	  

Phosphatase	  sensitive	  epitope	  on	  PHF-‐
Tau,	  ex.	  Phosphorylated	  Ser202	  

1:5000	   Mouse	   Thermo	  Fischer	  Scientific	  
Inc.	  

Anti	  Phosphorylated	  α-‐synuclein,	  
Monoclonal	  Antibody	  

Amino	  acid	  residue	  124-‐134	  (including	  
phosphorylated	  Ser129)	  of	  human	  α-‐
synuclein	  

1:10000	   Mouse	   Wako	  Chemicals	  GmbH	  

 
  



	  
	  

Table	   4	   -‐	   Secondary	   antibodies,	   streptavidin-‐conjugated	   fluorophores	   and	   tyramide-‐conjugated	   fluorophores	   used	   for	   all	   experiments.	  
Abbrevations:	  	  TSA.	  Tyramide	  signal	  amplification.	  	  

Antibody	  name	   Target	   Dilution	  factor	   Animal	   Company	  
Alexa	   Fluor®	   488-‐conjugated	  
AffiniPure	  Donkey	  Anti-‐Mouse	  IgG	  

Mouse	  IgG	   1:200	   Donkey	   Jackson	  ImmunoResearch	  Laboratories	  Inc.	  

Peroxidase-‐conjugated	   AffiniPure	  
Donkey	  Anti-‐Mouse	  IgG	  

Mouse	  IgG	   1:200	   Donkey	   Jackson	  ImmunoResearch	  Laboratories	  Inc.	  

Cy™3-‐conjugated	  Streptavidin	   Biotin	   1:1000	   -‐	   Jackson	  ImmunoResearch	  Laboratories	  Inc.	  
Cy™5-‐conjugated	  Streptavidin	   Biotin	   1:1000	   -‐	   Jackson	  ImmunoResearch	  Laboratories	  Inc.	  
TSA	  Cy5	   Tyrosine	   1:100	   -‐	   -‐	  
TSA	  Cy3	   Tyrosine	   1:150	   -‐	   -‐	  

 
Table	   5	   -‐	  Protocol	   for	   immunostaining	  of	  disease	  markers	   for	  automated	  staining	   in	   Leica	  Bond	  RX.	  Abbrevations:	   	  Do.	  Donkey;	  ER.	  Epitope	  
retrieval;	  HRP.	  Horseradish	  peroxidase;	  Mo.	  Mouse;	  TSA.	  Tyramide	  signal	  amplification.	  

	   Step	   Reagent	   Incubation	  time	  (min)	  
1	   Bake	  and	  dewax	   Bond	  Dewax	  solution	   Bond	  Default	  program	  
2	   Antigen	  retrieval	  1	   ER2	  (pH	  9)	   20	  
3	   H2O2	  blocking	   0.03%	  H2O2	  in	  1xPBS	   60	  
4	   Washing	  x3	   Bond	  Wash	  solution	   2,	  15,	  15	  
5	   Primary	  antibody	  1	  (Mo	  x	  PHF-‐Tau)	   1:5000	  in	  Bond	  Primary	  antibody	  diluent	   240	  
6	   Washing	  x3	   Bond	  Wash	  solution	   2,	  15,	  15	  
7	   TNB	  blocking	   TNB	   30	  
8	   Secondary	  antibody	  1	  (Do	  x	  Mo-‐HRP)	   1:200	  in	  TNB	   30	  
9	   Washing	  x3	   Bond	  Wash	  solution	   2,	  15,	  15	  
10	   TSA	  (Cy5)	   1:100	  in	  TSA	  Amplification	  buffer	   10	  
11	   Washing	  x3	   Bond	  Wash	  solution	   2,	  15,	  15	  
12	   Antigen	  retrieval	  2	   ER2	   20	  
13	   Primary	  antibody	  2	  (Mo	  x	  α-‐synuclein)	   1:10000	  in	  Bond	  Primary	  antibody	  diluent	   240	  
14	   Washing	  x3	   Bond	  Wash	  solution	   2,	  15,	  15	  
15	   Secondary	  antibody	  2	  (Do	  x	  Mo-‐488)	   1:200	  in	  TNB	   90	  
16	   Washing	  x3	   Bond	  Wash	  solution	   2,	  15,	  15	  
17	   Primary	  antibody	  3	  (Mo	  x	  Aβ-‐biotinylated)	   1:200	  in	  Bond	  Primary	  antibody	  diluent	   240	  
18	   Washing	  x3	   Bond	  Wash	  solution	   2,	  15,	  15	  
19	   Secondary	  antibody	  3	  (Streptavidin-‐Cy3)	   1:1000	  TNB	   90	  
20	   Washing	  x3	   Bond	  Wash	  solution	   2,	  15,	  15	  
	  

Table	   6	   -‐	   Primary	   antibodies	   used	   for	   staining	   of	   transcription	   factors	   and	   downstream	   targets	   of	   RFX3.	   Antibodies	  with	   dilution	   factors	   in	  
brackets	  were	  stained	  at	  different	  concentrations	  throughout	  the	  project.	  

Antibody	  name	   Target	   Dilution	  factor	   Animal	   Company	  
Beta-‐Amyloid	   (4G8)	   Monoclonal	  
Antibody,	  Biotin	  Labeled	  

Amino	   acid	   residue	   17-‐24	   of	   beta	  
amyloid	  (Aβ)	  	  

1:400	  (1:1000)	   Mouse	   Covance	  Inc	  

HPA001562	   ATF3	   1:300	   Rabbit	   Human	  Protein	  Atlas	  
HPA007034	   GCK	   1:	  35	   Rabbit	   Human	  Protein	  Atlas	  
HPA067533	   MLC1	   1:200	   Rabbit	   Human	  Protein	  Atlas	  
HPA003040	   MLC1	   1:1200	   Rabbit	   Human	  Protein	  Atlas	  
HPA003278	   NEUROD1	   1:25	  (1:50)	   Rabbit	   Human	  Protein	  Atlas	  
HPA004157	   NPAS3	   1:25	  (1:50)	   Rabbit	   Human	  Protein	  Atlas	  
HPA002892	   NPAS3	   1:35	   Rabbit	   Human	  Protein	  Atlas	  
HPA035689	   RFX3	   1:50	   Rabbit	   Human	  Protein	  Atlas	  
Anti-‐Human	   PHF-‐Tau	   Monoclonal	  
Antibody,	  Biotin	  Labeled	  

Phosphatase	  sensitive	  epitope	  on	  PHF-‐
Tau,	  ex.	  Phosphorylated	  Ser202	  

1:5000	   Mouse	   Thermo	  Fischer	  Scientific	  
Inc.	  

HPA049808	   TCF3	   1:120	   Rabbit	   Human	  Protein	  Atlas	  
HPA020061	   ZCWPW1	   1:600	   Rabbit	   Human	  Protein	  Atlas	  
HPA004089	   ZIC1	   1:50	   Rabbit	   Human	  Protein	  Atlas	  

	  
	   	  



	  
	  

Table	  7	  –	  Reagents	  used	  throughout	  the	  project.	  

Reagent	   Recipe	  
Bond	  Dewax	  solution	   Leica	  
Bond	  ER2,	  EDTA	  pH	  9.0	   Leica	  
Bond	  Primary	  Antibody	  diluent	   Leica	  
Bond	  Wash	  solution	   Leica	  
Phosphate	  buffer	  (PB),	  pH	  7.4,	  0.2M	   	  0.2M	  NaH2PO4,0.2M	  Na2HPO4	  in	  a	  proportion	  19:81	  	  
Phosphate	  buffered	  saline	  (PBS),	  pH	  7.4,	  
0.01M	  

9g	  NaCl,	  950ml	  H2O2,	  50	  ml	  PB	  0.2M	  pH7.4	  

Primary	  Antibody	  mix	   200	  ml	  PBS,	  600ul	  Triton	  X-‐100,	  2	  ml	  10%	  NaN3	  in	  PBS	  
Sudan	  Black	   1%	  Sudan	  black	  in	  70&	  C2H2OH	  
TNB	   0.5%	  Blocking	  reagent	  in	  Tris/NaCl	  buffer	  pH	  7.4,	  0.1M	  Tris,	  0.15M	  NaCl	  
TSA	  Amplification	  buffer	   Perkin	  elmer	  

2.	  Figures	  

	  

Figure	  10	  –	  TMA	  set	  up	  with	  AD	  cores	  (A1-‐A10)	  in	  pink,	  DLB	  cores	  	  (B1-‐B10)	  in	  green	  and	  Control	  cores	  (C1-‐C9)	  in	  blue.	  Two	  cores	  of	  human	  
colon	  are	  present	  at	  the	  top	  right	  corner	  of	  the	  TMA	  to	  mark	  the	  orientation.	  

	  



	  
	  

	  
Figure	   11	   –	   Correlation	  of	  protein	  expression	   to	   gender	   for	  NPAS3-‐1.	  A.	  Mean	   intensities	   for	  males	   in	  each	   cohort.	  B.	  Mean	   intensities	   for	  
females	   in	  each	  cohort.	  DLB	  could	  not	  be	  tested.	  C.	  Mean	  intensities	  for	  all	  AD	  cases	  sorted	  by	  gender.	  D.	  Mean	  intensities	  for	  all	  DLB	  cases	  
sorted	  by	  gender.	  E.	  Mean	  intensities	  for	  all	  control	  cases	  sorted	  by	  gender.	  

	  

	  
Figure	   12	   –	  Correlation	  of	  protein	  expression	   to	   gender	   for	  NPAS3-‐2.	  A.	  Mean	   intensities	   for	  males	   in	   each	   cohort.	  B.	  Mean	   intensities	   for	  
females	   in	  each	  cohort.	  DLB	  could	  not	  be	  tested.	  C.	  Mean	  intensities	  for	  all	  AD	  cases	  sorted	  by	  gender.	  D.	  Mean	  intensities	  for	  all	  DLB	  cases	  
sorted	  by	  gender.	  E.	  Mean	  intensities	  for	  all	  control	  cases	  sorted	  by	  gender.	  	  

	  



	  
	  

	  
Figure	   13	   –	   Correlation	   of	   protein	   expression	   to	   gender	   for	   RFX3-‐1.	  A.	  Mean	   intensities	   for	  males	   in	   each	   cohort.	  B.	  Mean	   intensities	   for	  
females	   in	  each	  cohort.	  DLB	  could	  not	  be	  tested.	  C.	  Mean	  intensities	  for	  all	  AD	  cases	  sorted	  by	  gender.	  D.	  Mean	  intensities	  for	  all	  DLB	  cases	  
sorted	  by	  gender.	  E.	  Mean	  intensities	  for	  all	  control	  cases	  sorted	  by	  gender.	  

	  

	  
Figure	   14	   –	   Correlation	   of	   protein	   expression	   to	   gender	   for	   RFX3-‐2.	  A.	  Mean	   intensities	   for	  males	   in	   each	   cohort.	  B.	  Mean	   intensities	   for	  
females	   in	  each	  cohort.	  DLB	  could	  not	  be	  tested.	  C.	  Mean	  intensities	  for	  all	  AD	  cases	  sorted	  by	  gender.	  D.	  Mean	  intensities	  for	  all	  DLB	  cases	  
sorted	  by	  gender.	  E.	  Mean	  intensities	  for	  all	  control	  cases	  sorted	  by	  gender.	  

	   	  



	  
	  

3.	  Macros	  for	  image	  analysis	  and	  measurement	  of	  protein	  expression	  

Macro	  1	  –	  Separation	  of	  cores	  from	  extracted	  images	  
// Chooses which folder and files to open 
  path=getDirectory("Select image folder (Spots)"); 
  outputfolder=getDirectory("Select the output folder"); 
  count=1; //Needed for the Directory to work 
  pathfile=File.openDialog("Choose the list file to Open:");  
  filestring=File.openAsString(pathfile); 
  rows=split(filestring, "\n"); 
  r=rows.length; 
  caseid=newArray(r); 
  spotid=newArray(r); 
  dateid=newArray(r); 
  for(i=0; i<r; i++){  
  columns=split(rows[i],"\t");  
  caseid[i]=columns[1]; 
  spotid[i]=parseInt(columns[0]); 
  dateid[i]=columns[2]; 
  }  
 
// Dialog box parameters original setup 
  HPAID = "HPA"; 
  BONDID = "Untitled"; 
  Date = "2015XXXX"; 
  marker3 = "Untitled"; 
  marker4 = "Untitled"; 
  marker5 = "Untitled" 
  
// Dialog box  
  Dialog.create("Experimental setup"); 
  Dialog.addString("BOND Slide-ID:", BONDID); 
  Dialog.addString("Date of run:", Date) 
  items = newArray("B", "G", "R", "K" , "M", "Not used"); 
  Dialog.addRadioButtonGroup("Nuclei", items, 2, 3, ""); 
  items = newArray("B", "G", "R", "K" , "M", "Not used"); 
  Dialog.addRadioButtonGroup("HPA Antibody", items, 2, 3, ""); 
  Dialog.addString("Antibody-ID:", HPAID); 
  items = newArray("B", "G", "R", "K" , "M", "Not used"); 
  Dialog.addRadioButtonGroup("Channel 3", items, 2, 3, ""); 
  Dialog.addString("Marker 3:", marker3); 
  items = newArray("B", "G", "R", "K" , "M", "Not used"); 
  Dialog.addRadioButtonGroup("Channel 4", items, 2, 3, ""); 
  Dialog.addString("Marker 4:", marker4); 
  items = newArray("B", "G", "R", "K" , "M", "Not used"); 
  Dialog.addRadioButtonGroup("Channel 5", items, 2, 3, ""); 
  Dialog.addString("Marker 5:", marker5); 
  Dialog.addCheckbox("Manual", false); 
  Dialog.show(); 
 
//Saves parameters from dialog box (must be in right order) 
  BONDID = Dialog.getString(); 
  Date = Dialog.getString(); 
  nuclei = Dialog.getRadioButton(); 
  chanHPA = Dialog.getRadioButton(); 
  HPAID = Dialog.getString(); 
  chan3 = Dialog.getRadioButton(); 
  marker3 = Dialog.getString(); 
  chan4 = Dialog.getRadioButton(); 
  marker4 = Dialog.getString(); 
  chan5 = Dialog.getRadioButton(); 
  marker5 = Dialog.getString(); 
  manual = Dialog.getCheckbox(); 
   
//Saves the channel as N if it is not used 
  if(nuclei=="Not used"){ 
  nuclei="N"; 
  } 
  if(chanHPA=="Not used"){ 
  chanHPA="N"; 
  } 
  if(chan3=="Not used"){ 
  chan3="N"; 
  } 
  if(chan4=="Not used"){ 
  chan4="N"; 



	  
	  

  } 
  if(chan5=="Not used"){ 
  chan5="N"; 
  } 
 
// Used for naming of the file 
  channelname=newArray(chanHPA, chan3, chan4, chan5); 
 
// Opens files in active folder 
  casecount=0; //Counts which case is active 
  list=getFileList(path);  
  for(j=0;j<list.length;j++){ 
  casenumber=casecount; 
  print(casenumber); 
  roiManager("Reset");   
  dotIndex = lengthOf(list[j]) - 5; 
  channel = substring(list[j],dotIndex,dotIndex+1); 
    if (channel == nuclei) {     
 t1=list[j]; 
 t2 = substring(list[j],0,dotIndex) + chanHPA +".jpg"; 
 t3 = substring(list[j],0,dotIndex) + chan3 +".jpg"; 
 t4 = substring(list[j],0,dotIndex) + chan4 +".jpg"; 
 t5 = substring(list[j],0,dotIndex) + chan5 +".jpg"; 
 t6 = substring(list[j],0,dotIndex-1) + ".jpg"; 
 number=newArray(t2, t3, t4, t5); 
 setBatchMode(false); 
 open(path + t1); 
 picture = getTitle(); 
   

// Makes user create selection for top and bottom core and saves these as new files 
   makeRectangle(0, 0, 4700, 4700); 
   waitForUser("Place box on top core"); 
   roiManager("Add"); 
   makeRectangle(0, 0, 4700, 4700); 
   waitForUser("Place box on bottom core"); 
   roiManager("Add"); 
 
   roiManager("Select", 0); 
  run("Copy"); 
   run("Internal Clipboard"); 

saveAs("jpeg", outputfolder + Date + "-" + BONDID + "-" + HPAID + "-" + 
caseid[casenumber] + "-1 " + "-"+ nuclei); 

   close(); 
   selectWindow(picture); 
   roiManager("Select", 1); 
   run("Copy"); 
   run("Internal Clipboard"); 

saveAs("jpeg", outputfolder + Date + "-" + BONDID + "-" + HPAID + "-" + 
caseid[casenumber] + "-2 " + "-"+ nuclei); 

 close(); 
 close(picture); 
 
 setBatchMode(true); 
  for(k=0;k<number.length;k++){ 

name=substring(number[k], lengthOf(number[k]) - 5, lengthOf(number[k]) 
- 4); 

   if(name!="N"){ 
   open(path+ number[k]); 
   picture = getTitle(); 
   roiManager("Select", 0); 
    run("Copy"); 
     run("Internal Clipboard"); 

saveAs("jpeg", outputfolder + Date + "-" + BONDID + "-" 
+ HPAID + "-" + caseid[casenumber] + "-1 " + "-"+ 
channelname[k]); 

     close(); 
     selectWindow(picture); 
     roiManager("Select", 1); 
     run("Copy"); 
     run("Internal Clipboard"); 

saveAs("jpeg", outputfolder + Date + "-" + BONDID + "-" 
+ HPAID + "-" + caseid[casenumber] + "-2 " + "-"+ 
channelname[k]); 

   close(); 
    while (nImages>0) {  
    selectImage(nImages);  
    close(); 



	  
	  

}//closes while 
}//closes if name 
}//closes for k 
casecount++; 
}//closes if channel 
}//closes for j 

Macro	  2	  –	  Stacking	  channels	  
// Chooses which folder and files to open 
  path=getDirectory("Select image folder (cores)"); 
  outputfolder=getDirectory("Select the output folder (where you want the stacked files)"); 
  count=1; //Needed for the Directory to work 
 
// Dialog box  
  Dialog.create("Which channels were used?"); 
  items = newArray("B", "G", "R", "Y" , "M", "Not used"); 
  Dialog.addRadioButtonGroup("Nuclei", items, 2, 3, ""); 
  items = newArray("B", "G", "R", "Y" , "M", "Not used"); 
  Dialog.addRadioButtonGroup("HPA Antibody", items, 2, 3, ""); 
  items = newArray("B", "G", "R", "Y" , "M", "Not used"); 
  Dialog.addRadioButtonGroup("Channel 3", items, 2, 3, ""); 
  items = newArray("B", "G", "R", "Y" , "M", "Not used"); 
  Dialog.addRadioButtonGroup("Channel 4", items, 2, 3, ""); 
  items = newArray("B", "G", "R", "Y" , "M", "Not used"); 
  Dialog.addRadioButtonGroup("Channel 5", items, 2, 3, ""); 
  Dialog.addString("How many channels were used?", 0); 
  Dialog.show(); 
 
//Saves parameters from dialog box (must be in right order) 
  nuclei = Dialog.getRadioButton(); 
  chanHPA = Dialog.getRadioButton(); 
  chan3 = Dialog.getRadioButton(); 
  chan4 = Dialog.getRadioButton(); 
  chan5 = Dialog.getRadioButton(); 
  numberofchannels = Dialog.getString(); 
 
//Saves the channel as N if it is not used 
  if(nuclei=="Not used"){ 
  nuclei="N"; 
  } 
  if(chanHPA=="Not used"){ 
  chanHPA="N"; 
  } 
  if(chan3=="Not used"){ 
  chan3="N"; 
  } 
  if(chan4=="Not used"){ 
  chan4="N"; 
  } 
  if(chan5=="Not used"){ 
  chan5="N"; 
  } 
 
// Opens files in active folder 
  casecount=0; //Counts which case is active 
  list=getFileList(path);  
  for(j=0;j<list.length;j++){ 
  roiManager("Reset");   
  dotIndex = lengthOf(list[j]) - 5; 
  caseIndex=lengthOf(list[j]) - 11; 
  channel = substring(list[j],dotIndex,dotIndex+1); 
  caseidentification = substring(list[j], caseIndex,caseIndex+6); 
    if (channel == nuclei) {     
 t1=list[j]; 

t2 = substring(list[j],0,caseIndex) + caseidentification + chanHPA +".jpg"; 
t3 = substring(list[j],0,caseIndex) + caseidentification + chan3 +".jpg"; 
t4 = substring(list[j],0,caseIndex) + caseidentification + chan4 +".jpg"; 
t5 = substring(list[j],0,caseIndex) + caseidentification + chan5 +".jpg"; 

 number=newArray(t2, t3, t4, t5); 
 open(path + t1); 
 picture = getTitle(); 
 picturename=substring(picture,0,lengthOf(picture)-6); 
 print(picturename); 
  //Add channels together and saves as one new file 
  for(k=0;k<number.length;k++){ 



	  
	  

name=substring(number[k], lengthOf(number[k]) - 5, lengthOf(number[k]) 
- 4); 

   if(name!="N"){ 
   open(path+ number[k]); 
   picture2 = getTitle(); 
   run("Select All"); 
   run("Copy"); 
   selectWindow(picture); 
   run("Add Slice"); 
   run("Paste"); 
   close(picture2); 
 
   }//closes if name 
   }//closes k 
   saveAs("tiff", outputfolder + picturename + "Stack"); 
   close(); 
   }//closes if 
   }//closes for j 

Macro	  3	  –	  Background	  measurement	  
// Chooses which folder and files to open 
  path=getDirectory("Select image folder (Cores)"); 
  outputfolder=getDirectory("Select the output folder for the excel file"); 
 
// Dialog box 
  Dialog.create("Channels"); 
  Dialog.addMessage("Which slide do you want to analyze?"); 
  Dialog.addString("Slide ID:", ""); 
  Dialog.show(); 
 
// Saves parameters from dialog box (must be in right order)  
  SlideID=Dialog.getString(); 
 
// Makes sure “Median” will be visible in the Results window 
  run("Set Measurements...", "area mean min median redirect=None decimal=3"); 
 
  meanarray=newArray(); 
 
// Opens files in active folder  
  list=getFileList(path);  
 for(a=0;a<list.length;a++){ 
 roiManager("Reset");       
 t1=list[a]; 
 open(path + t1); 
 setTool(1);   
  

// Measure the selected area 
waitForUser("Make a background selection"); 

 roiManager("Add"); 
 roiManager("Measure"); 
 roiManager("Reset"); 
 
  while (nImages>0) {  
  selectImage(nImages);  
  close(); 
  } 
  } 
 
  // Saves all median values for one TMA in one excel file 

selectWindow("Results"); 
saveAs("Results", outputfolder + SlideID + "Mean" + ".xls"); 
print("Done!"); 

   

Macro	  4	  –	  Nuclei	  quantification	  
// Chooses which folder and files to open 
  path=getDirectory("Select image folder (Stacked cores)"); 
  outputfolder=getDirectory("Select the output folder for the excel files"); 
 
// Dialog box 
  Dialog.create("Stacks"); 
  Dialog.addMessage("Type in the channel for each stack (B, G, Y, M or R) \nif the stack is not 
in use leave it blank"); 
  Dialog.addString("Stack 1:", ""); 
  Dialog.addString("Stack 2:", "" ); 
  Dialog.addString("Stack 3:", "" ); 



	  
	  

  Dialog.addString("Stack 4:", "" ); 
  Dialog.addString("Stack 5:", "" ); 
  Dialog.show(); 
 
// Saves parameters from dialog box (must be in right order)  
  stack1=Dialog.getString(); 
  stack2=Dialog.getString(); 
  stack3=Dialog.getString(); 
  stack4=Dialog.getString(); 
  stack5=Dialog.getString(); 
 
  stacks=newArray(stack1, stack2, stack3, stack4, stack5); 
 
// Dialog box 
  Dialog.create("Measure"); 
  Dialog.addMessage("Which channel do you want to analyze?"); 
  Dialog.addString("Channel:", ""); 
  Dialog.show(); 
 
// Saves parameters from dialog box (must be in right order)  
  channel=Dialog.getString(); 
 
// Opens files in active folder  
  list=getFileList(path);  
 for(a=0;a<list.length;a++){ 
 roiManager("Reset");       
 t1=list[a]; 
 open(path + t1); 
 image=getImageID(); 
 picture=getTitle(); 
 setSlice(1); 
 stacknumber=nSlices; 
  
 // Tell user to make a selection of which area to analyze  

makeOval(1500,1500,1500,1500); 
waitForUser("Place the circle where you want to make the selection"); 
roiManager("Add"); 
run("Copy"); 
run("Internal Clipboard"); 
rename("Selection"); 

   
  // Makes changes to the pictures 

for (i=1;i<stacknumber;i++){ 
  selectWindow(picture); 
  roiManager("Select", 0); 
  setSlice(i+1); 
  run("Copy"); 
  selectWindow("Selection"); 
  run("Add Slice"); 
  run("Paste"); 
  } 
 

close(picture); 
setSlice(1); 
gliaarray=newArray(); 
neuronarray=newArray(); 

 
run("Select All"); 
run("Copy"); 
run("Internal Clipboard"); 
run("Despeckle"); 
run("Gaussian Blur...", "sigma=1"); 
rename("original"); 
run("Copy"); 
run("Internal Clipboard"); 
rename("variance"); 
setTool(3); 
waitForUser("Select background (press shift to select multiple 
regions)"); 

  getStatistics(area,mean); 
  correct=mean+10; 
  run("Select All"); 
  run("Subtract...", "value="+correct); 
  

// Multiplies to get all neuronal nuclei 
run("Multiply...", "value="+(255/(255-correct)+1)); 

 



	  
	  

  // Creates variance 
run("Variance...", "radius=2");//2 
run("Copy"); 
run("Internal Clipboard"); 
rename("binary"); 
run("Make Binary"); 
run("Fill Holes"); 
run("Watershed"); 
run("Analyze Particles...", "size=900-3000 circularity=0.50-1.00 
show=Outlines display add"); 

 
g=1; 
n=1; 
setBatchMode(true); 
selectWindow("original"); 
run("Gaussian Blur...", "sigma=5"); 
t=roiManager("count");  

 
// Measures mean in original selection 
for(k=0; k<t; k++) { 
selectWindow("original"); 
run("Restore Selection"); 
roiManager("Select", k); 
run("Find Maxima...", "noise=10 output=[Point Selection] 
exclude"); 
run("Enlarge...", "enlarge=3"); 
selectWindow("variance"); 
run("Restore Selection"); 
getStatistics(area, mean); 
mean=mean; 
 

// Check values neuron vs glia 
if (mean <50){ 
name="Glia-"+g; 
roiManager("Rename", name); 
run("Properties... ", "name="+name+" 
position=none stroke=none width=0 
fill=red"); 
g++; 
gliaelement=roiManager("index"); 
gliaarray = 
Array.concat(gliaarray,gliaelement); 
} 
if (mean>49) { 
name="Neuron-"+n; 
roiManager("Rename", name); 
run("Properties... ", "name="+name+" 
position=none stroke=none width=0 
fill=blue"); 
g++; 
neuronelement=roiManager("index"); 
neuronarray = 
Array.concat(neuronarray,neuronelement); 
}} 

 
setBatchMode(false); 

 
   for(j=0;j<stacks.length;j++){ 
    if(stacks[j] == channel){ 
    slicenumber=j+1; 
    } 
    } 
 

roiManager("select", neuronarray); 
run("Clear Results"); 
selectWindow("Selection"); 
setSlice(slicenumber); 
roiManager("Measure"); 
selectWindow("Results"); 
picturename=substring(picture,0,lengthOf(pi
cture)-4); 
saveAs("Results", outputfolder + 
picturename + ".xls"); 
selectWindow("Selection"); 
saveAs("tiff", outputfolder + picturename + 
"-Quantified"); 

    while (nImages>0) {  



	  
	  

    selectImage(nImages);  
    close(); 
    } 
    } 

	  
	  

 


