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ABSTRACT 
 

 

Diamine oxidase (DAO) is the main histamine metabolizing enzyme performing its function 

extracellularly. Its activity can be affected by multiple factors like the presence of enzyme 

inhibitors, lack of enzyme cofactors or existing intestinal damage. Low DAO activity can lead to 

histamine accumulation in the organism that may cause detrimental histamine-mediated allergy-

like symptoms. Histaminosis describes this state of imbalance between histamine and the 

capacity of histamine metabolizing enzymes to reduce histamine levels. DAO belongs to the 

family of copper-containing amine oxidases (AOCs) and is encoded by the AOC1 gene. DAO is 

expressed mainly by kidney and intestinal epithelial cells. High levels of DAO can be detected in 

placenta during pregnancy. Eosinophils, Neutrophils and Platelets have been reported to 

possess histaminase activity, though only very few studies have researched this more. Other 

AOCs belonging to this family are Retina specific amine oxidase encoded by AOC2 gene and 

Vascular adhesion protein encoded by AOC3. It is unknown whether the native form of these 

proteins can metabolize histamine as well and therefore could be contributing to histaminase 

activity in the circulation as well. 

 

In this study we challenged previous findings and tested the presence of AOC1, AOC2 and 

AOC3 on mRNA and protein levels in the blood, zooming in on different blood cell types step by 

step. We also analyzed plasma and serum DAO concentrations from various donors and 

analyzed DAO activity in Platelets.  

 

Analysis of DAO concentration is serum and plasma showed that, when the blood was drawn 

into heparin blood tubes, DAO levels from the same individual were twice as higher as when the 

blood was drawn into EDTA or serum tubes. We also demonstrated that AOC1 mRNA was 

mainly contained in Granulocytes, particularly in Eosinophils. Protein analysis showed that 

Platelets seemed to comprise large amounts of DAO. mRNA analysis of AOC2 and AOC3 

demonstrated that Neutrophils are the main mRNA carriers of these enzymes. 

 

With these findings we conclude that DAO is present in the circulation. An mRNA and protein 

analysis proved that DAO we detected in serum and plasma might be originating from different 

blood cells, particularly Eosinophils and Platelets and is not solely a spillover from gut 

epithelium. Therefore, an analysis of DAO from the blood might not reflect the overall DAO 

levels when diagnosing individuals with Histaminosis. We also determined that Neutrophils are 

the main cell types expressing AOC2 and AOC3 mRNA, even though this fact did not reflect on 

protein levels. 

  

 

Key words: Diamine oxidase, mRNA, protein, expression, Vascular adhesion protein-1, Retina 

specific amine oxidase, Platelets, Eosinophils, Neutrophils, AOCs 
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1   INTRODUCTION 
 

 

In recent years, people have become aware of adverse reactions of the human organism to 

ingested food with high contents of histamine. This novel disease has been named Histamine 

Intolerance (HIT), Histaminosis or Enteral histaminosis [1]. In HIT, the catabolic capability of 

histamine degrading enzymes to metabolize endogenously released or exogenously 

administered histamine is inadequate, leading to series of adverse allergy-like symptoms [1, 4]. 

The activity and the function of these enzymes is one of the main attributes investigated when a 

patient is diagnosed with HIT. Even though this disorder is most commonly known as HIT, we 

will refer to it as “Histaminosis” further on, as the term “intolerance” relates to digestive issues 

occurring after consumption of particular foods. We, on the other hand, are dealing with a single 

compound that not only enters the system through ingestion, but also the organism is capable of 

producing it by itself. 

 

 

 

1.1 HISTAMINE and ITS METABOLISM  
 

Histamine belongs to a family of biogenic amines and is a well-known mediator of multiple 

biological processes. Histamine is formed from the amino acid L-Histidine by decarboxylation 

where L-Histidine decarboxylase (HDC) is the enzyme catalyzing this reaction (Figure 1.1) [1, 2, 

3].   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1.1: Histamine synthesis and histamine degradation. Histamine is synthesized from Histidine by 

decarboxylation mediated by L-Histidine decarboxylase (HDC). Histamine is degraded by extracellular oxidative 

deamination of the primary amino groups, catalyzed by Diamine oxidase (DAO) and an intracellular methylation of the 

imidazole ring, catalyzed by histamine N-methyltransferase (HNMT). Enzyme products, Imidazole acetaldehyde and 

N-methylhistamine might possibly inhibit enzymes themselves. Adapted from [2, 6] 



 

 

- 2 - 
 

Histamine is soluble in water and other aqueous solutions [1, 3]. The main source of histamine 

are Mast cells and Basophils, however, other cells like Histaminergic neurons, 

Enterochromaffine-like cells of the gastric mucosa, and even Platelets contain and release 

histamine upon stimulation [2, 5].  

  

The two major routes of histamine degradation are (Figure 1.1): 

1. An extracellular oxidative deamination of the primary amino groups, catalyzed by the 

enzyme Diamine oxidase (DAO) 

2. An intracellular methylation of the imidazole ring, catalyzed by histamine N-

methyltransferase (HNMT) [1, 2, 3, 6]. 

 

Even though excess of histamine causes severe symptoms, histamine has an inportant role in 

numerous biological reactions [2]. These include gastric acid secretion, neuromodulation 

(modulates the sleep-wake cycle), inflammation as well as regulation of other immune functions 

[3]. Histamine is a vasoactive amine that induces dilation of blood vessels and thus lowers the 

blood pressure [2, 3, 45]. Histamine is also capable of having an effect on controlling appetite, 

learning abilities, memory, or even emotions [7]. 

 

Histamine exerst its function through Histamine receptors (HRs) HR1, HR2, HR3 and HR4. All 

the receptors belong to the rhodopsin-like family of G-protein coupled receptors [12]. Table 1.1 

lists the expression of HRs in cells. 

 

 

Receptor Expression 

HR1 Smooth muscle cells, Endothelial cells, nerve cells, Epithelial cells, Neutrophils, Eosinophils, 
Monocytes, Macrophages, Dendritic cells, T and B cells 

HR2 Smooth muscle cells, Endothelial cells, nerve cells, Epithelial cells, Neutrophils, Eosinophils, 
Monocytes, Macrophages, Dendritic cells, T and B cells 

HR3 Histaminergic neurons, Monocytes, Eosinophils 

HR4 Eosinophils, Dendritic cells, Langerhans cells, Neutrophils, T cells, Basophils, Mast cells 

 

Table 1.1: Summary of expression of Histamine receptors 1-4 (HR1-4). Adapted from [12]. 

 

 

HISTAMINE N-METHYLTRANSFERASE (HNMT) 

 

HNMT is a small monomeric protein (33 kDa) found in the cytosol of most mammalian tissues. It 

doesn’t seem to require any cofactors for its activity and is highly specific towards histamine, 

more particularly, it degrades mainly the histamine synthesized intracellularly, or taken up from 

the extracellular space [3, 8]. Even though an impairment of the enzyme function might 

contribute to histamine-mediated adverse symptoms, this protein is not considered as the main 

histamine-degrading enzyme in the histamine metabolism, and therefore is not recognized as 

largely important in Histaminosis [2, 11]. 
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DIAMINE OXIDASE (DAO) 

 

Diamine oxidase is considered the main histamine-degrading enzyme. It is expressed 

predominantly by epithelial cells of the small intestinal mucosa called enterocytes [7] and it forms 

a barrier from absorption of histamine into the blood stream [4]. DAO is found in the kidney 

epithelial cells too and Platelets have been shown to possess histaminase activity as well. 

Interestingly, serum DAO levels are 100- to 500-fold higher in women during pregnancy [2, 5, 7]. 

This immense increase most likely mediates the protection of the fetus and the uterus from 

detrimental effects of histamine [7]. Very few studies point to DAO being expressed also by 

white blood cells. Zeiger et al. in 1976 detected histaminase activity in Eosinophils and 

Neutrophils, but in mononuclear cell fractions, using specific thin-layer radiochromatographic 

enzyme assay [9]. This study also studied subcellular fractionation of the granulocyte 

histaminase, demonstrating that the activity originates primarily from the granulocyte granules 

[9]. In rat, 60% of the enzyme was detected in organelles, and 40% in the cytosol in enterocytes 

[18]. 

 

DAO belongs to a family of copper-containing amine oxidases, where the active enzyme site 

contains type II copper ion [10]. This fact maker copper one of the enzyme’s cofactors. Other 

known DAO cofactors like Vitamin B6 and Vitamin C [2]. Copper-containing amine oxidases will 

be discussed in more detail later. 

 

Heparin is known for its ability to mediate the release of pre-stored DAO [2, 6, 18]. Although, 

since long, heparin has been known for its anticoagulant properties in the circulation, it is also 

known for its non-anticoagulant attributes. Heparin, besides stimulating the release of pre-stored 

DAO, interacting with various proteins can exert anti-inflammatory effects as well, though its 

exact structural formations are unknown. Heparin is a negatively charged polysaccharide stored 

and released from mast cell granules. It can bind to other granule constituents through its 

multiple sulfate substitutions added during biosynthesis. The biosynthesis occurs in the Golgi 

apparatus, where heparin molecules can be modified by numerous enzymes. Therefore its 

ability to regulate and limit inflammatory responses depends on corresponding polysaccharide 

sequences that can interact with heparin-binding sites on specific proteins [32, 33]. Lithium-

Heparin is commonly used as an anticoagulant agent in blood tubes. 

 

 

 

1.2 UNDERSTANDING THE PATHOLOGY OF HISTAMINOSIS 
 

Figure 1.2 illustrates three cases of the uptake of dietary histamine. Three cases exist. First, 

normal situation where moderate amounts of histamine are being scavenged by histamine-

degrading enzymes, second, scombroid poisoning, where life-threatening doses of histamine 

are consumed, probably from spoiled fish, and third, where the enzymatic function of DAO is 

altered either by low activity or inhibition. The third case describes Histaminosis [11]. 

 

As mentioned above, in Histaminosis, a disproportion between ingested or endogenously 

released histamine and histamine-degrading ability, favoring the former one, leads to detrimental 

histamine-mediated allergy-like symptoms [2, 4, 11].  It is estimated that 1% of population might 

be suffering from Histaminosis, targeting mainly the middle-aged group [2].  
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Figure 1.2: Uptake of dietary histamine. 1) Moderate amounts of histamine are being metabolized, 2) Scombroid 

poisoning, 3) Histaminosis. Adapted from [11] 

 

 

The symptoms are very diverse. They range from a migraine after consumption of high 

histamine foods, to runny nose, stomach ache, flatulence, diarrhea, dysmenorrhea in women, 

hypotension, vertigo, itching, redness, swelling and many others [2, 4, 7].  

 

The main cause of Histaminosis is thought to be due to an impairment of the enzymatic function 

of DAO. This impairment could not only be acquired genetically, but also by inhibiting DAO’s 

function, as DAO is a very sensitive enzyme [2, 7].  

 

Some single nucleotide polymorphisms (SNPs) in the DAO gene have been associated with 

food allergy or inflammatory bowel diseases (IBS) [13]. It is possible that some individuals carry 

inactive forms of DAO [7]. A study by Maintz et al. in 2011 found three SNPs in the DAO gene 

that were possibly associated with reduced DAO serum activity in patients with Histaminosis 

symptoms, but also stated that these findings don’t seem to fully effectuate the disease state, as 

the serum levels of histamine are unstable and the serum DAO levels were lower in some of 

healthy patients as well [14]. Low serum DAO activity seems to be associated with IBS [17] and 

therefore normal DAO function possibly correlates with intestinal mucosal integrity [6]. 

 

DAO activity can be decreased by a broad range of pharmaceuticals, some of them being 

antidepressants, antibiotics, painkillers (metamizole), and many other drugs [4]. Alcohols is also 

one of the well know DAO inhibitors [2, 4, 7]. Other factors affecting its function could be a 

sudden increase of histamine in the system by consuming histamine-releasing food, like 

pineapple and citrus fruits, or drugs like morphine. Some foods contain larger quantities of 

histamine naturally. The most common are tomatoes, eggplant and spinach. High histamine 

content is also known to be in all fermented food like cheeses, sauerkraut, sausages and other 

cured or long stored meals. Wine, beer and champagne are high histamine beverages due to 

the fermentation processes that cannot be avoided during preparation [4] Histamine from 

beverages is also more easily absorbed in the gut than from solid food [7]. All meat and fish 
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should be low histamine as long as they are as fresh as possible, as naturally occurring bacteria 

can begin the microbial fermentation process [2]. 

 

The end metabolites of histamine metabolism could act as inhibitors as DAO [2], as well, as 

histamine itself. Elmore et al. (2002) demonstrated a substrate inhibition of DAO by histamine 

and by putrescine [15]. Therefore, other biogenic amine like putrescine, cadaverine, tyramine, 

tryptamine, spermine or spermidine, whose levels rise with the food maturation as well, might 

compete with histamine as a substrate and deplete person’s DAO reserves [2, 7, 16]. Depletion 

of enzyme’s cofactors also seems to alter the enzymatic functions of DAO [2]. 

 

Some people seem to tolerate histamine, but only to a certain level. For example, for pollen 

allergy patients the Histaminosis symptoms seem to worsen during allergy seasons when they 

consume high histamine food or beverages. This may be due to depletion of pre-stored DAO by 

necessary degradation of histamine released during the allergic reaction and therefore they 

don’t tolerate well a glass of wine. But once the pollen season is over, they seem to tolerate the 

wine again [7]. 

 

Even with all this knowledge emerging about Histaminosis, this disorder is still poorly 

understood, as the symptoms are vast, and they vary from patient to patient. The disorder is 

usually diagnosed using commercially available kits that analyze patient’s DAO activity in serum 

or plasma. The results are however insufficient for a complete diagnosis, as they often give false 

positive results. Therefore, it is often hard to diagnose patient’s malady even when their 

anamnesis is known and points to Histaminosis. 

 

 

 

1.3 COPPER CONTAINING AMINE OXIDASES (AOCs) 
 

As mentioned above, Diamine oxidase belongs to a family of copper-containing amine oxidases 

(AOCs) [20]. Mammals possess four genes that encode different AOCs. AOC1 encodes Diamine 

oxidase (DAO), AOC2 Retina-specific amine oxidase (RAO) and AOC3 represents Vascular 

adhesion protein-1 (VAP-1). AOC4 encodes Serum amine oxidase (SAO) - a soluble protein. 

First three genes and their expression is fully functional in humans. AOC4 gene, on the other 

hand, has been shown to be defective in humans and rodents [19]. AOCs are homodimeric 

glycoproteins with subunits being linked by disulfide bonds [3]. AOC1 gene has only about 40% 

sequence identity with AOC2 or AOC3, whereas AOC2 and AOC3 seem to 65% identical [20]. 

These enzymes are also known as semicarbazide-sensitive amine oxidases [27]. 

 

 

COPPER DEPENDENCY IN AOCs 
 

AOCs contain a redox-active organic cofactor, 2,4,5-trihydroxyphenylalanine quinone (TPQ). 

This cofactor is essential for catalyzing the oxidation of primary amines by dioxygen to 

corresponding aldehydes, ammonia and hydrogen peroxide in two half-reactions: the enzyme 

reduction (1), and subsequent enzyme re-oxidation (2) [22]. 
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(1)  AOCox (TPQox)  +  R-CH2-NH3
+  →  AOCred-NH2(TPQaq)  +  R-CHO 

(2)  AOCred-NH2  +  O2  +  H2O  →    AOCox  +  H2O2  +  NH4
+ 

 

Cu(II) ion is enclosed and tightly bound to TPQ in the active site in each of the monomers of 

dimeric AOCs. This inorganic cofactor causes the intrinsic yellowish pink color of AOCs. Cu-

depletion studies confirmed Cu-dependency, by showing that amine oxidase activity decreases 

by 95% and more [22]. Besides AOC1-4, lysine tyrosylquinone-dependent lysyl oxidases (LOXs) 

also belong to the AOC class. These proteins are structurally different from AOC1-4. They are 

approximately 30 kDa in size and oxidatively deaminate lysine residues in elastin and collagens. 

They attracted the attention due to their possible roles in tumor suppression and cancer 

metastasis [24, 28]. 

 

 

AOC1 – DAO 
 

Diamine oxidase or AOC1, formerly known as amiloride-binding protein 1 (APB1) is a 

homodimeric glycoprotein of an approximate size 200 kDa [3]. Incidentally, amiloride and some 

of its derivatives act as DAO inhibitors as well [25]. DAO is a secretory protein with an N-terminal 

signal peptide sequence [24]. It is stored in membrane-associated vesicular structures in 

epithelial cells. DAO seems to be secreted upon stimulation and, as mentioned before, the best 

know release stimulator is heparin [2, 6, 18, 24]. Only little information is known about tissue-

specific expression of human DAO, its enzyme variants or complexes, as well as disease-

associated enzyme alterations [23]. This fact prompted Schwelberger et al. in 2013 to produce 

highly sensitive and specific mouse monoclonal antibodies for human DAO [23]. His antibodies 

recognized monomeric form of DAO in human kidney, serum, urine, intestine and seminal 

plasma at 102 kDa. In placental samples, a relatively diffuse band appeared around 110 kDa, 

due to heterogeneous glycosylation of the same polypeptide in placental DAO (Figure 1.3) [23].  

 

In an unpublished study by Velicky at University of ViennaA) three different antibodies against 

DAO were experimentally tested. Each gave a band at about 105 kDa, but also different bands 

above and below (Figure 1.4A). To test the specificity of the Sab 408 antibody, non-targeting 

control siRNA treated cells with (Figure 1.4B, right lane) and without anti-DAO siRNA (Figure 

1.4B, left lane) were used. Only a band at 105 kDa disappeared and therefore it was concluded 

that this was the size where antibody specifically bound to monomeric DAO. Other studies also 

reported that monomeric DAO form porcine kidney and human placenta sediments at 104-105 

kDa [25, 26]. 

 

Due to reducing conditions under which we will conduct protein sample preparation, we wanted 

to know at what size we could expect the monomeric DAO subunits to sediment in the gel. 

Based on these studies we decided to look for a band between sizes 102-110 kDa even though 

the reported monomeric size of DAO is 85 kDa [10]. Deglycosylated subunits migrate at 93 kDa 

[26]. 
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Figure 1.3: Detection of DAO in various human samples by highly sensitive and specific mouse monoclonal 

antibodies: A) in two homogenates of seminal plasma, placenta and intestine, B) in kidney samples, C) in serum 

samples, D) in urine samples from ten individuals. Detection controls (a), (b) and (c). Sizes of molecular weight 

markers (M) are given in kDa and the migration position of monomeric DAO is indicated by arrows. Adapted from [23]. 

 

 

 

 

  

 

 

 

 

 

 

 

  

 

 

 
 

 

 

Figure 1.4: Detection of DAO: (A) with three different commercially available antibodies, (B) the specificity of the Sab 

408 antibody, non-targeting control siRNA treated cells without (Figure 1.4B, left lane) and with anti-DAO siRNA 

(Figure 1.4B, right lane). 
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AOC2 – RAO 
 

Only little information is available about Retina specific amine oxidase. Its name originated when 

the AOC2 gene was first cloned from the retina in 1997 [28]. The mRNA, however, has been 

shown to be present in many tissues, though protein’s enzymatic activity seems to be isolated to 

the eye, more precisely in the ganglion cell layer of the retina [10, 24, 27, 28]. Study on RAO 

expressed in human embryonic kidney cell lines (HEK293) transiently transfected with RAO 

cDNA showed that enzyme’s main substrates were tyramine and tryptamine, whereas it didn’t 

seem to oxidize histamine and that this enzyme is a membrane-bound protein [27].  

 

 

AOC3 – VAP-1 
 

Human Vascular adhesion protein-1 is a cell-surface 170 to 180 kDa peripheral plasma 

sialoglycoprotein. It contains a short N-terminal transmembrane domain that mediates leucocyte 

traffic between the blood and tissues [29, 30]. VAP-1 is mainly expressed on the luminal surface 

of the vascular endothelial cells (VECs) [43]. VECs have been reported to express a cell surface 

receptor for Diamine oxidase [44]. VAP-1 can be detected in serum in a soluble form as well, 

released upon proteolytic cleavage of the N-terminal domain from endothelial cells and 

adipocytes [19, 28]. Due to the lack of functional AOC4 gene, that encodes soluble form of 

serum/plasma amine oxidase, it is proposed that the proteolytic release of VAP-1 can lead to 

minor plasma amine oxidase activity (Figure 1.5) [19]. It has been shown that histamine 

oxidation in mouse adipose tissue is mediated by enzyme’s amine oxidase activity [31] and 

therefore it can be speculated that VAP-1 could account for amine oxidase activity in serum or 

plasma, even though VAP-1 expressed in HEK293 cell lines also didn’t show to metabolize 

histamine [27]. 

 

 

  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.5: Model for the cellular release of VAP-1. Extracellular part of VAP-1 can be proteolytically cleaved and 

released from both endothelial cells and adipocytes. Soluble protein form might possess amine oxidase activity. 

Adapted from [19]. 

 

 

As not many studies have been conducted on amine oxidase activities of AOC2 and AOC3, it is 

still possible that soluble forms of these enzymes exist in the circulation and can contribute the 

histamine metabolizing activity, until proven otherwise.  
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1.4 BLOOD CELLS EXPRESSING DAO 

 

 

PLATELETS 

 

Platelets are the smallest cells in the circulating blood. They are derived during thrombopoiesis 

from the cytoplasm of bone marrow-residing Megakaryocytes (MKs), and even though they lack 

genomic DNA, they are pre-equipped with a large scale of proteins, as well as with a 

translational machinery including ribosomes, initiations and termination factors, microRNAs and 

even thousands of messenger RNAs [34, 36], and thus are able to translate pre-existing mRNAs 

fast, upon stimulation [35]. MKs and Platelets are able to internalize proteins from plasma as 

well. MKs also equip platelets with different organelles like α-granules, dense granules, 

lysosomes, glycosomes and even mitochondria [37]. Platelet proteome is under regulation and 

can be subjected to change during disease situations [36]. Platelet half-life is 7-10 days [37]. 

Platelet appear in different shapes, from discoid, through early spread dendritic-like, to spread 

form (Figure 1.6). 

 

(A)                                                 (B)                                               (C) 

 

 

 

 

 

 

 

 
Figure 1.6: Platelet shapes detected by high-resolution scanning electron microscopy. A) Discoid form, B) Early 

spread dendritic-like form, C) Spread Platelet. Adapted from [37]. 

 

 

Although the main function of Platelets is to stop blood hemorrhaging after tissue and vascular 

injury by adhering to exposed sub-endothelium structures, Platelets have been shown to be 

capable of synthesizing histamine from histidine, as well as taking up extracellular histamine [5, 

35, 38]. They also possess histamine metabolizing activity mediated by DAO. When Platelets 

were incubated with one of DAO inhibitors, α-aminoguanidine, endogenous histamine levels 

increased significantly [5]. Based on these findings we consider Platelets as one of the blood 

cells of interest in our study and we will use them in protein analysis. 

 

 

GRANULOCYTES 

 

Neutrophils belong to the granulocyte blood cell family together with Basophils and Eosinophils 

due to their high cellular granule content. These granules are, in fact, membrane-bound 

organelles that contain antimicrobial agents. The names of these cells arose from their staining 

properties, as Eosinophils stain with acid dyes like eosin and their cytoplasm appears red, 
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basophils with basic dyes appearing blue, and Neutrophils stain with both dyes with cytoplasm 

appearing purple [39]. Another feature of these cells is their typical multilobed nucleus. The 

nuclei of Eosinophils can be formed from 2-3 lobes, whereas Neutrophils can have a 3- to 8-

lobed nuclei. Hence, they are classified as polymorphonuclear leukocytes. In density-gradient 

purification, Eosinophils and Neutrophils migrate together with Erythrocytes down to the bottom 

of the tube, as their density is higher than 1077 g/mL, whereas density of Basophils is lower than 

1077 g/mL (Figure 3.2). Therefore, we can collectively refer to Eosinophils and Neutrophils as 

high-density Granulocytes. 

 

 

NEUTROPHILS 

These bone marrow-originating leukocytes play an important role in response to microbial 

infections. Their capability of rapid killing of bacteria and fungi, before they spread through the 

organism, is their main function. 95-97% of Granulocytes circulating in the blood appear to be 

Neutrophils. These cells also account for 40-65% of total leukocyte count, which makes them the 

most abundant cell in the circulation. Neutrophils have an estimated half-life of 8-20 hours, and 

therefore are rather short-lived cells. The antimicrobial proteins are located within their granules. 

There are three types of granules: azurophilic granules that are synthesized during neutrophils 

maturation, secondary specific granules that stain only with specific dyes, and tertiary granules 

that together with other proteins and enzymes, also contain Diamine Oxidase [39].  

 

 

EOSINOPHILS 

As well as their Neutrophils counterparts, Eosinophils mature in the bone marrow, but, compared 

to the number of Neutrophils, only relatively small amount of these cells enters the bloodstream, 

where its half life is short as well, ranging between 8 to 18 hours. They make up only 1-7% of all 

leukocytes. They spend only a brief period circulating in the blood, and reside mainly in the 

gastrointestinal tract, under homeostatic conditions. Eosinophils can be distinguished by their bi-

lobed (sometimes tri-lobed) nuclei and large specific granules. These granules contain 

cytokines, enzymes and growth factors. The major Eosinophil function appears to be parasite 

destruction by releasing toxic compounds like major basic protein, reactive oxygen species or 

neurotoxin. Eosinophils promote mast cell and basophil histamine release in response to 

infection [39, 40]. Eosinophils have been reported to possess histaminase activity [9], and to 

induce opsonized zymosan-stimulated Diamine oxidase release [42]. 
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2    AIM OF THE PROJECT 
 

 

The information above indicates that DAO activity originating from the blood might be significant 

when trying to determine histamine-induced disorders in patients. With our study we would like 

to shed some light into the involvement of blood-borne histamine metabolizing enzymes with 

Histaminosis.  

 

Therefore, the aim of this project is to prove the existence of DAO in the circulation by detecting 

DAO protein in the blood and identifying the source of its origin and compare our findings with 

previous discoveries. First we will quantify DAO protein in plasma and serum in the blood drawn 

into three different blood tubes, Heparin, EDTA and Serum, and compare DAO contents. To 

exclude the possibility that the detected protein has originated from the gut epithelium, we will 

look at mRNA expression of DAO in PBMCs, Neutrophils and Eosinophils first, and then focus 

on protein expression in these three cell types, as well as in Platelets. Vascular endothelial cells 

will be included too, as they are the cells closest to the blood stream and we suspect they might 

contain DAO protein. Our work will also try to assess the activity of DAO by measuring histamine 

content in samples before and after incubation with Platelets and porcine DAO. The final 

experiment will focus on the other copper-containing amine oxidases, RAO and VAP-1, whether 

their mRNA is expressed in the aforementioned blood cell-subsets, and whether these cells 

express protein forms as well.  
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3   METHODS 

 

  

CELL SOURCE 

 

For this project two 2 types of blood source were used: buffy coats and fresh whole peripheral 

blood (Figure 3.1). Buffy coats were obtained from anonymous donors from Rigshospitalet’s 

Blood bank. The whole blood was drawn into 4-5 x 4 mL EDTA tubes from the same five 

anonymous volunteers throughout the whole project period, therefore samples marked D1, D2, 

D3, D4, and D5 refer to a particular volunteer and their blood samples. White blood cells and 

platelets were purified on the same day as blood was obtained or drawn. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 3.1: Whole blood in EDTA tubes (left) and a Buffy coat (right). 
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3.1 Cell purification 
 

The protocol used here was developed throughout this project and can be found in the Appendix 

(SOP1. Purification of human PBMCs, Neutrophils, Eosinophils and Platelets from human whole 

blood). 

 

 

DENSITY-GRADIENT PURIFICATION 

  

In order to separate PBMCs from Erythrocytes, Platelets (Thrombocytes) and the rest of the 

Leukocytes a density-gradient purification was used. Density-gradient centrifugation separates 

cells based on their mass, forming four different layers of different cell types with clear interface 

based on their different densities thanks to Lymphoprep, as seen on the Figure 3.2. The 

heaviest cells, which are Neutrophils and Eosinophils, march towards the bottom of the tube 

through Lymphoprep, together with the Erythrocytes, where they form a red blood cell (RBC) 

layer. On top of the RBC layer, separated by Lymphoprep, a thin layer of Peripheral blood 

mononuclear cells (PBMCs) appears. The PBMCs layer should contain all the white blood cells 

(Lymphocytes, Monocytes, Basophils) minus the Neutrophils and Eosinophils and also some 

Platelets that stick to the cells due to their adhesive properties [5]. The very top layer – the 

plasma layer, is also the largest one and contains proteins, platelets, hormones, electrolytes and 

other substances. PBMC layer can easily be pipetted out and cells are ready to be purified 

further [46, 47]. 

 

 

 

FIGURE 3.2: Separation of cells with density gradient centrifugation using Lymphoprep. PBMCs (Lymphocytes, 

Monocytes) and Basophils with density lower than 1077 g/mL will form a layer between the plasma and Lymphoprep. 

Red blood cells with Erythrocytes migrate to the bottom of the tube due to their densities being higher than 1077 

g/mL. Adapted from [46]. 
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As this project not only required an analysis of PBMCs but also of the polymorphonuclear cells – 

Neutrophils and Eosinophils – in the RBC layer, this layer was isolated as well and purified 

further. 

 

 

CELL PURIFICATION 

 

When working with whole blood, ca. 15-16 mL of blood was mixed with 15 mL of PBS buffer in a 

50 mL tube. 10 mL of Lymphoprep was carefully injected underneath the blood mixture using a 

10 mL syringe with a 14G needle. The tube was centrifuged at 800 g for 30 min at 21°C. Figure 

3.3 shows blood mixture before and after spinning. 

 

 

FIGURE 3.3: Blood mixture before (left) and after (right) Density-gradient centrifugation. 

 

Next, the plasma layer was removed down to the PBMCs so that they could be pipetted out and 

transferred to a new 50 mL tube. The Lymphoprep layer was removed and the RBC layer was 

pipetted out into another new tube. PBMCs were centrifuged four times at 350 g, 11°C for 10 

min and once at 250 g, 5°C for 10 min. Every time, the supernatant was poured out and the 

pellet was resuspended with PBS and spun again. After the very first spin, the first supernatant 

was saved, for later analysis of Platelets.  

 

After all washing steps were performed on PBMCs, the cells were counted either on microscope 

using the Neubauer Improved counting chamber by performing a leukocyte stain (1:1 cell 

suspension and the stain). 

 

The equation for counting the cell concentration on Neubauer Improved counting chamber: 

 

cell concentration (cells/mL) =
total number of counted cells  x  dilution factor  x  10 000

number of chambers
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Next, PBMCs were aliquoted according to desired cell number and samples were spun down at 

500g, 5 min, at 5°C, supernatant aspirated and pellet used to prepare mRNA and/or protein 

samples as described in section 3.3 and 3.5. 

 

 

PLATELET PURIFICATION 

The first PBMC supernatant was spun at 1000 g for 15 min at 21°C. The supernatant was 

discarded, the pellet resuspended with PBS and spun again at 250 g for 10 min, to pellet leftover 

PBMCs. The supernatant was aliquoted and spun at 1000 g for 15 min again to pellet Platelets 

which were then used to prepare protein samples. Due to difficulties of counting Platelets, 5 mL 

of total Platelets resuspended in 50 mL of PBS were spun at 1000 g for 15 min at 21°C were 

used to prepare protein samples.  

 

 

GRANULOCYTE PURIFICATION 

The RBC layer was filled with PBS up to 50 mL, and spun for 10 min at 600 g, 21°C. The top 

layer was pipetted out and up to 50 mL ACK buffer was added to lyse Erythrocytes. The mixture 

stayed incubating for 10 min at 4°C and spun for 10 min at 500 g, 21°C. The lysis was repeated 

twice in order to obtain pure cell suspensions. Next, cells were resuspended in PBS and 

counted as mentioned above. Cell suspension containing both Neutrophils and Eosinophils will 

be referred to as “G-fraction/sample” further on. A part of the G-fraction was saved for sample 

preparation, but majority of the cells were further purified by the MACS method in order to 

separate Eosinophils from Neutrophils (See section MACS). 

 

It was always intended to handle Granulocytes at room temperature whenever possible, due to 

their high sensitivity to cold. 

  

 

LEUKOCYTE PURIFICATION FROM WHOLE BLOOD and BUFFY COAT 

Leukocyte cells from the whole blood and buffy coat were purified first by incubating the blood 

with ACK buffer for 10 min at 4°C to lyse Erythrocytes and spun afterwards for 10 min at 500 g, 

21°C. The lysis was repeated twice in order to obtain pure cell suspensions. Next, cells were 

resuspended in PBS, counted, aliquoted and prepared for RNA purification. 
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MACS 

 

MACS or Magnetic-associated cell sorting is an Immunomagnetic 

separation method providing isolation of one cell population from the 

rest of the cells in the cell suspension based on magnetic beads being 

able to selectively bind to wanted cells using antibody labeled 

magnetic MicroBeads. Magnetic MicroBeads are 50 nm open sugar-

polymer with superparamagnetic iron particles inside that are 

conjugated to highly specific antibodies against a particular antigen on 

the cell surface [48]. These beads neither interfere with nor activate 

cells; therefore their impossibility to be removed should not be 

problematic, according to the manufacturer [48]. Cells labeled with 

particular beads will attach to the column matrix, when the column is 

placed into a magnetic field. Unlabeled cells will pass through the 

column and can be collected (see Figure 3.4). This type of purification 

is called “Negative selection”, because the target cells are the 

unlabeled ones. The yield might be higher but the downside of 

negative selection is lower cell purity due to insufficient removal of 

unwanted cells [49, 6]. The labeled cells are purified by “Positive 

selection”, due to the specific antibody binding of microbeads to the 

cells. Labeled cells will be eluted once the column is away from the 

magnetic field. Positively selected cells are separated very specifically 

from unwanted cells, but the disadvantage is that the yield might not 

be high [49, 6]. 
 

FIGURE 3.4: MACS separation of cells. Antibody labeled cells 

will adhere to the column matrix, when the column is placed 

into a magnetic field due to magnetic properties of the beads 

attached to the antibody. Adapted from [51]. 

 

 

NEUTROPHIL PURIFICATION USING MACS – CD16 BEADS 

To isolate Neutrophils from Eosinophils in the G-fraction, MACS CD16 MicroBeads are used. 

CD16 is a cell-surface marker that discriminates Neutrophils from the rest of the cells. The 

reason for using CD16 beads, instead of Eosinophil-specific beads, is their availability. For this 

reason, Neutrophils were purified by positive selection and Eosinophils by negative selection. 

 

Purification step conducted according to manufacturer’s protocol (SOP1). In short, after the 

number of cells in the G-fraction was determined, the cells were spun down and pellet was 

resuspended in 50 µL MACS buffer and 50 µL microbeads per 5x107 cells. After incubation for 

30 min at 4°C, cells were washed and centrifuged, then resuspended in PBS, and applied to a 

column placed in a magnetic field. The column was washed with the buffer three times and 

eluted cells – Eosinophils – were collected. The column was then removed from the magnetic 

field and remaining cells – Neutrophils – were washed out. The number of cells was determined 

as described above and cells were aliquoted as desired and processed further (see sections 3.3 

and 3.5).  



 

 

- 17 - 
 

3.2 Cell staining 
 

MAY-GRÜNWALD GIEMSA STAINING (MGG) 

In order to distinguish Neutrophils from Eosinophils, MGG staining, also known as Pappenheim’s 

staining, was used, due to its ability to stain granulocyte granules. The staining is expecting to 

dye nuclei purple to violet, the neutrophilic granules should appear light violet and the 

eosinophilic granules brick-red [52]. To concentrate cells from the sample onto a glass slide, 

Cytospin™ 4 Cytocentrifuge was used [53]. 

 

The procedure is as follows: 100 µL of sample with concentration 1000 cells/µL (100 000 cells) 

was prepared, loaded on cytofunnel and spun with pre-set settings (600 rpm, 5 min, RT). Next, 

the smear on the glass slide was let to air-dry until visually confirmed, and then fixated in 

Methanol for 5 min, dipped in May-Grünwald stain for 6 min, washed by dipping in PBS buffer, 

dipped in Giemsa stain for 20 min and washed again for 5 min, dried and covered in permount 

and coverslip added in the top. 

 

 

3.3 RNA purification 
 

QIAamp RNA purification kits provide a fast and simple method for the preparation of total 

mRNA in the sample. The method uses selective binding properties of a silica-based membrane 

(QIAamp membrane) with the speed and convenience of microspin technology. Specialized 

high-salt buffers allow RNA longer than 200 bases to bind to the QIAamp membrane [54]. 

 

Three different QIAamp mRNA purification kits were used during this project. QIAamp RNA 

Blood Mini Kit, providing a sample of total cellular RNA from fresh human whole blood [54]; 

RNeasy Mini Kit, for purification of max 100 µg of total RNA from up to 107 purified human 

blood cells [55]; and RNeasy Micro Kit, for purification of max 45 µg of total RNA from up to 

5x105 purified human blood cells [56]. 

 

 

QIAamp RNA BLOOD MINI KIT - WHOLE BLOOD TOTAL RNA PURIFICATION [54] 

In the procedure of RNA purification using QIAamp RNA Blood Mini Kit (see Figure 3.5, left) first 

erythrocytes were selectively lysed with 5 volumes of buffer EL by incubating on ice for 15 min, 

followed by leukocyte recovery by centrifuging the suspension at 400 g for 10 min at 4°C. Next, 

2 volumes of buffer EL were added, cells were resuspended and spun again at 400 g for 10 min 

at 4°C. Supernatant was completely removed and pelleted leukocytes were lysed by pipetting up 

and down using 600 µL of highly denaturing buffer RLT. The solution was transferred to 

QIAshredder spin column to obtain a homogenized lysate and centrifuged at max speed (14000 

rpm) for 2 min to elute intact total RNA. 600 µL of 70% ethanol was then added to potentiate 

binding conditions of RNA in samples and then 700 µL of the solution was applied to the 

QIAamp spin column and spun for 15 s at 8000 g, RT. RNA bound to the silica membrane in the 

spin column was next washed off of any contaminants in multiple washing steps. First 700 µL of 

washing buffer RW1 was added to the QIAamp spin column and spun for 15 s at 8000 g, RT. 
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Next, 500 µL of buffer RPE was added and the column twice, first spun for 15 s at 8000 g, RT, 

and second for 3 min at max speed, RT. After each washing spin, the eluate was discarded. In 

the final step, the column was transferred to a new tube and total RNA was eluted in 50 µL of 

RNase-free water centrifuging for 1 min at 8000 g, RT [54].   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 3.5: Total RNA purification from Whole blood 

(left) or pelleted lymphocyte cells (right).  Adapted 

from [54]. 

 

QIAamp RNeasy MINI KIT [55] 

This kit was used for purification of, RNA from leukocytes purified as described in section 3.1. 

The purification steps here were the same as the steps mentioned above, except the erythrocyte 

lysis steps being skipped (Figure 3.5, right) and the process starting with cell lysis with the 600 

µL of the buffer RLT [55]. 
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QIAamp RNeasy MICRO KIT [56] 

The procedure when using this kit was similar to the RNeasy Mini Kit, with the exception of the 

amount of reagents used, as this kit was intended to purify RNA from less than 5x105 cells. 

Instead of 700 µL, only 350 µL of buffer RLT, 70% ethanol and buffer RW1 was used. Also the 

last washing step included adding 500 µL of 80% alcohol to the spin column instead of second 

the load of buffer RPE. Total RNA was eluted with 14 µL twice, in order to elute the maximum 

amount [56]. 

  

When using RNeasy Mini and Micro kits, the RNA was always extracted from freshly purified 

pelleted cells (from whole blood or a buffy coat) that were never frozen or manipulated in any 

other way. The number of cells in each sample can be found in Appendix, Tables 1-4. 

 

After the RNA purification, the samples were stored at -80°C due to low RNA stability. 

 

All reagents used here are listed in the Appendix (A4. List of additional reagents and materials). 

 

 

3.4 RNA analysis 
 

QUBIT – RNA QUANTIFICATION 

 

Qubit Fluorometer is able to accurately measure DNA, RNA and protein concentrations based 

on a fluorescent die that emits a signal only when coupled to an intact target, being able to 

discriminate it from contaminants and degraded DNA and RNA [57]. Qubit is able to use as little 

as 1µL of sample. 

 

To determine RNA concentrations, Qubit RNA HS assay was used. First the fluorometer was 

calibrated with 2 standards with RNA concentrations 0ng/mL and 500ng/mL. The standards 

were prepared by mixing 10 µL of each standard with 190 µL of Quant-IT Working Solution. The 

samples were prepared by mixing 195 µL of Quant-IT Working Solution with 5 µL of diluted or 

non-diluted RNA sample. All samples were measured three times and the mean of 

concentrations was calculated. 

 

Qubit gives concentrations of RNA in ng/mL, which must be adjusted according to the dilution 

factor using the following equation: 

 

RNA concentration (ng/µL) =
mean of concentrations  x  dilution factor 

1000
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BIOANALYZER – mRNA QUALITY 

 

The Agilent 2100 Bioanalyzer system provides sizing, quantitation and quality control of DNA, 

RNA, proteins on a chip [58]. The machine is capable of performing microcapillary 

electrophoresis and generating the electropherograms that compute the RIN, or RNA integrity 

number, of the RNA. The RIN value is calculated by taking the ratio of the area under the 18S 

and 28S rRNA peaks to the total area under the graph [59]. RNA is assigned a RIN value from 1 

to 10, 10 being the least degraded. 

 

Agilent RNA 6000 Nano Assay was used to check the quality of RNA samples. The quantitative 

range of this assay is 5-500 ng/µL of RNA input. Twelve samples and one Ladder sample can 

be run on the same chip at once. 

 

PROCEDURE: 

Reagents were equilibrated at room temperature for 30 min. RNA samples were first thawed on 

ice. 5 µL of RNA was heat denatured for 2 min at 70°C in a PCR machine. 9 µL of the gel-dye 

mix were loaded into one well on the chip as indicated in the assay protocol and then the chip 

was pressurized. 9 µL of the gel-dye mix were loaded into two other wells as indicated. Next, 5 

µL of RNA 6000 Nano marker were loaded into 13 empty wells. Then 1 µL of denatured RNA 

samples was loaded into each of the sample wells and 1 µL of ladder into the ladder well. Chip 

was then vortexed for 1 min at 2400 rpm and inserted into the Bioanalyzer for analysis. For 

detailed procedure see Agilent RNA 6000 Nano Assay protocol [58]. 

 

 

 

RT-qPCR – GENE TRANSCRIPTION ANALYSIS 

 

THEORY 

RT-qPCR stands for reverse transcriptase quantitative polymerase chain reaction. The aim is to 

analyze the amount of mRNA of genes of interest. The analysis of the mRNA expression in cells 

can indicate whether the cell carries a message of a protein of interest. First, mRNA must be 

reversely transcribed into cDNA (complementary DNA) in order to be amplified, because PCR is 

not intended to amplify RNA molecules. cDNA is more stable than RNA and therefore the 

samples can be stored at -20°C. 

 

To copy cDNA, the DNA polymerase requires two sequence-specific primers complementary to 

both cDNA strands [60]. In order to amplify cDNA, the first step in PCR is denaturing the cDNA 

by heating to 95°C which yields single stranded molecules. Next, primer annealing occurs, by 

lowering the temperature to 60°C. Lastly, in order for the DNA polymerase to synthesize a new 

strand complementary to the template temperature can be raised to 72°C. Denaturing, annealing 

and synthesis are repeated in 35-45 cycles [62].  

 

To determine the quantity of the qPCR product, we have been using TaqMan assay probe and 

primer set. TaqMan probes are oligonucleotides longer than the primers and carry a fluorescent 

label at the 5’-end ad a quencher at a 3’-end [61]. 5’-3’ exonuclease activity of Taq DNA 
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polymerase mediates the cleavage of the labeled probe at the 5’-end, releasing the fluorescent 

label as a new cDNA stand is being synthesized. Since this label is not forming a homoduplex 

with the quencher, an emission of fluorescent light occurs. As the PCR cycles progress, more 

and more light is being emitted. The amount of light is detected by the PCR machine. 

 

If the tested sequence is abundant in the sample, amplification is observed in earlier cycles (low 

cycle threshold – low CT value) and light is emitted with a higher intensity earlier as well; if the 

sequence is scarce, amplification is observed in later cycles (high cycle threshold – high CT 

value). 

 

 

cDNA SYNTHESIS 

Reverse transcription of the RNA samples was mediated by reverse transcriptase Superscript IV 

from Invitrogen. RNA was primed with 1 µL of 0.5 µg/mL oligo(dT) primer and 1 µL of 10 nM 

mixture of dNTPs, and incubated in thermocycler at 65°C 5 min. Next, 6 µL of cDNA mastermix 

containing 1 µL DTT, 1 µL Superscript IV and a 4 µL superscript buffer were added to each 

sample and samples were incubated in the thermocycler at 55°C 2 min, 55°C 10 min and 80°C 

10 min. Afterwards, the cDNA samples were stored at -20°C. 

 

 

qPCR 

qPCR was run in a multiplex form, meaning that each well contained two types of primers: 

primers for a target-sequence (which is AOC1, AOC2 or AOC3 gene) and primer-limited β-actin 

(a housekeeping gene), used as an expression control. 

 

1.58 µL of cDNA sample was mixed with 30 µL of the qPCR mastermix (10 µL of mastermix 

contained 3.5 µL of DEPC treated water, 5 µL TaqMan mastermix, 0.5 µL of primer {AOC1, 

AOC2 or AOC3} and 0.5 µL of ACTB primer {housekeeping gene β-actin}). Samples were 

loaded in 10 µL triplicates on the 96-well PCR plate and placed into the Thermal Cyclin Block. 

Samples were first pre-heated for 2 min at 50°C and for 10 min at 95°C, followed by 45 

amplification cycles each with heating to 95°C for 15 sec, and annealing and cDNA 

complementary strand synthesis at 60°C for 1 min. 

 

The output CT values were interpreted as a relative target gene expression obtained according 

to an equation: 

Relative gene expression = 2−(ΔCт Mean) 
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3.5 Protein analysis 
 

Proteins in this project were analyzed by Western blotting, ELISA and Coomassie brilliant blue 

staining. Protocols can be found in Appendix (SOP2 and SOP3). 

 

 

WESTERN BLOT 

 

SDS-PAGE  

In order for a successful protein analysis, protein in samples must be denatured and disulfide 

bonds reduced first. Native proteins migrate in gel not only based on their size, but also their 

structure or charge density could influence their separation [61]. Samples are therefore mixed 

with a sample buffer and boiled. LDS (lithium dodecyl sulfate) in the sample buffer denatures 

proteins, and DTT (dithiothreitol) and β-mercaptoethanol break disulfide bonds and thus reduce 

proteins [63]. 

 

Next, proteins are separated according to size by SDS-PAGE (sodium dodecyl sulfate 

polyacrylamide gel electrophoresis). Protein samples are loaded onto wells on the 

polyacrylamide gel in an alkaline SDS-PAGE running buffer. The SDS in the gel changes the 

conformation and the charge of proteins [Figure 3.6] and therefore they can move from cathode 

to anode in an electric field. Proteins get separated according to size, due to bigger proteins 

passing slower through the nets in the gel, than the small ones. 

 

 
Figure 3.6: Effect of SDS on the conformation and charge of a protein [64] 

 

 

WESTERN BLOT ANALYSIS 

Western blot (WB) is a widely used method for detection of specific proteins in cell samples [65]. 

Proteins separated on an SDS-PAGE gel are electro-blotted onto a nitrocellulose membrane to 

facilitate the visualization of the proteins of interest. The membrane is first incubated with 

primary antibodies, which should be specific to one particular protein and bind it. After washing 

unbound antibodies away, the membrane is incubated with horseradish peroxidase (HRP) 

conjugated secondary antibody specific to the primary one. Chemiluminescent immunodetection 

of HRP then takes place. The visualization of proteins is therefore mediated by X-ray film 

exposure and development. ECL is a chemiluminescent substrate that enhances the light 

emission coming from HRP catalyzing the oxidation of luminol into a reagent which emits light 

when it decays [66]. 
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PROCEDURE: 

106 cells resuspended in 100 µL PBS buffer were mixed with 100 µL of boiling sample buffer. To 

facilitate the denaturation, samples were boiled for 5min and homogenized using a syringe with 

26G needle. For preparation of samples from tear fluid and some platelet samples, NuPage LDS 

sample buffer was used. 1 part of buffer was mixed with 3 parts of sample. 

 

Protein samples were prepared from PBMCs, Eosinophils, Neutrophils, G-fraction, Platelets, tear 

fluid, and porcine DAO from Sigma. Both fresh whole purified donor blood and buffy coat blood 

served as a sample source. 

  

Proteins were separated by SDS-PAGE using the Novex XCell sure-lock Mini Cell chamber 

system, where up to two polyacrylamide gels could be run. NuPAGE® 10-well Bis-Tris Mini gels 

used do not contain SDS. However, they are designed for performing denaturing gel 

electrophoresis. Gels with MOPS SDS Running Buffer separated proteins (14–200 kDa) under 

denaturing conditions [67]. The gels were run for 55-60min at 190V. Novex® Sharp Pre-Stained 

Protein Standard was used as a marker. 

 

Next, proteins were transferred onto Novex® Nitrocellulose membrane using NuPAGE® 

Transfer Buffer and XCellTM II Blot Module. The transfer was run for 1 h at 30V. The membrane 

was washed in TBST buffer, blocked in skim milk buffer for 1 h to avoid unspecific antibody 

binding and incubated with primary antibody in BSA buffer over night at 4°C on a shaker. Next 

day, primary antibodies were washed away and the membrane was incubated with secondary 

antibodies for 1 h. Next, the membrane was washed and the proteins were visualized by 

exposing them on X-ray films for different time points and developing the films on an X-ray 

machine, all in dark. Novex® ECL Chemiluminescent Substrate was pipetted into membrane for 

1 min to enhance the immunodetection of proteins before the exposure on X-ray films. 

 

 

Target proteins were: 

- Diamine oxidase (DAO) 

- Retina-specific amine oxidase (RAO) 

- Vascular adhesion protein 1 (VAP-1) 

 

3 polyclonal antibodies against target proteins were used: 

- Rabbit Anti-DAO Antibody (aa347-466), 1:150 (LS-C294117-100, LSBio) 

- Rabbit Anti-RAO Antibody, 1mg/ml (26-030, ProSci) 

- Rabbit Anti-VAP1 Polyclonal Antibody, 1:1000 (LS-B10722, LSBio) 

 

 

After the X-ray exposure and development, the membrane was washed in TBST buffer, TBS 

buffer and then stayed overnight in 0.02% sodium azide buffer, to quench the HRP 

chemiluminescence reaction. 

 

On the third day, endogenous control, β-actin, was developed. Sodium azide was poured out 

into a collection bottle and the membrane was washed, incubated with a mouse anti-β-actin 

antibody in BSA buffer for 1h, then washed again and incubated with an anti-mouse antibody for 
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1 h. The HRP reaction was enhanced with ECL substrate as the previous day and finally the 

membrane was exposed on X-ray film and developed.  

 

 

PROTEIN STAINING ON SDS-PAGE GEL 

A method of unspecific protein visualization on gel, used in this project, is staining the gel with 

Coomassie brilliant blue stain. This staining method visualizes all proteins in the gel separated 

according to their sizes. 

 

Some polyacrylamide gels were not meant for WB, but for simple Coomasie brilliant blue 

staining. The gels were first washed in deionized water, stained with a SimplyBlue™ SafeStain 

from Invitrogen for 1 h, and washed again in water, to remove unbound color and clear the 

background. 

 

 

 

ELISA 

 

Enzyme-linked immunosorbent assay or ELISA is a plate-based assay technique designed for 

detecting and quantifying various substances such as peptides, proteins, antibodies, hormones, 

etc. [68]. There are different types of ELISA, but in this project, a Sandwich ELISA kit was used 

to analyze DAO in different cell samples. 

 

Sandwich ELISA is a sensitive method used to measure the antigen (protein) concentration in a 

sample. The antigen of interest is detected using two different antibodies, a capture-antibody 

attached to the surface in wells and a biotin conjugated detection-antibody, both of which must 

recognize different non-overlapping antigen epitopes. Next, Avidin conjugated to HRP is added 

to the assay, because Avidin binds to biotin and therefore can mediate the detection. Finally a 

chromogenic substrate TMB (tetramethylbenzidine) is added to the reaction to visualize bound 

antibodies to the antigen. TMB acts as a hydrogen donor for the reduction of hydrogen peroxide 

to water by HRP resulting in the solution taking on a blue color. By adding a sulphuric acid 

solution as a stop agent to the reaction, TMB turn yellow and the color can be read at 450nm. 

The more intense the color, the more target antigen is contained in the analyzed sample [69, 

70].  

 

 

PROCEDURE: 

For detection of DAO in different blood samples, Sandwich ELISA kit for DAO from Cloud-Clone 

Corp. (SEA656 Hu) was used. The detection range of this ELISA kit is 0.312-20 ng/mL. 

 

Fresh blood from five volunteers (D1-D5) was drawn into 3 different blood tubes: Heparin, EDTA 

and serum. Blood was transferred into 15 mL tubes and spun at 1000 g for 15 min. Next serum 

and plasma were transferred and aliquoted into Eppendorf tubes and stored at -20°C. 
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When running the ELISA, the samples were thawed and diluted 1:10 in PBS first. Next the kit’s 

protocol was followed:  Standards and samples were added to the microtiter plate pre-coated 

with antibody specific to DAO. Biotin-conjugated antibody specific to DAO and then Avidin 

conjugated to HRP were added to each well and incubated. TMB solution was added afterwards 

and by addition of sulphuric acid the reaction was stopped and the color change was measured 

spectrophotometrically at a wavelength 450 nm. The concentration of DAO was determined by 

comparing the sample optical density (O.D.) values to the standard curve [71]. 

 

The amount of cell input in each RNA and protein sample, together with the mRNA 

concentrations obtained can be found in the Appendix, Tables 1-4. 

 

 

3.6 DAO activity measurement using Histareader 
 

HISTAREADER™ 501-1 is an easy-to-use fluorometer for the detection of allergen induced 

histamine release with the HR-Test system from RefLab [50]. 

 

Histareader was used in this project for a purpose of quantification of histamine in different 

concentrations, after incubation with Diamine oxidase from different sources. 50µL of histamine 

in concentrations 125, 250 and 500 ng/mL were incubated with 50 µL of 0.0018, 0.018 or 0.18 

U/mL of pig DAO, 50 µL of thawed platelet sample from D1 in concentrations 1:1 or 1:10 and 

with 50 µL of pipes buffer, as a control, to give final histamine concentrations 75, 125 and 250 

ng/mL (Procedure described in Appendix, SOP4). The samples were incubated at 37°C for 1 h 

and for 24 h to see, whether the degradation of histamine is time-dependent.  

 

 

3.7 Statistical analysis 
 

For comparison of DAO protein levels in serum or plasma in different blood tubes from five 

different donors, one way ANOVA with repeated measures was used. 

 

For the rest of the experiments, no pairwise statistical analysis could be performed due to low 

amount samples included in test groups.  
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4   RESULTS 
 

  

4.1 Detection of DAO protein in the circulation 
  

With our first experiment, we would like to confirm the presence of DAO in the circulation by 

detecting and quantifying the protein using ELISA. 

 

  

DAO PROTEIN CAN BE DETECTED IN SERUM and PLASMA 

 

DAO ELISA kit from Cloud-Clone Corp. was used to detect and measure DAO concentration in 

blood plasma or serum. Blood was drawn from 5 different donors, which were marked D1, D2, 

D3, D4 and D5, into 3 different blood tubes: non-anticoagulant Serum tube and anticoagulant 

Heparin and EDTA plasma tubes, to observe if anticoagulants in the blood tubes could affect 

DAO concentrations in analyzed samples, as it is known that heparin induces the release of pre-

stored DAO in vesicles [2, 6, 18]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
FIGURE 4.1: Comparison of DAO protein levels in serum or plasma in different blood tubes. Measured in ng/mL. 

Blood tubes: Heparin, EDTA or Serum. 5 donors (D1-D5). Statistical test: one way ANOVA with repeated measures. 

NS, not significant.  

 

 

Figure 4.1 shows DAO levels in serum and plasma from the blood taken into the three different 

blood tubes from the same donors. DAO levels were significantly higher in Heparin tubes 

compared to both EDTA and Serum tubes (p=0.0014 and p=0.0017, respectively). There was no 

significant difference between EDTA and Serum tubes. It can be also seen that for donor D1 and 
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D2, heparin in blood tubes induced a release of more than twice of the amount of DAO 

compared to the blood drawn into the other two tube, as opposed to the other donors. 

  

From this investigation we can conclude that DAO is present in the circulation but also that 

heparin blood tubes should be avoided since these affect the DAO level. Since no difference in 

DAO levels was found between the Serum and EDTA blood tubes, and difficulties in purifying 

clotted blood from serum tubes could occur, EDTA blood tubes were chosen for the following 

cellular experiments.  

 

 

DAO mRNA EXPRESSION IN THE WHOLE BLOOD 

 

To explore whether DAO is expressed in the blood cells or whether the detected protein is a 

spillover from endothelium, gut epithelium or kidney cells, mRNA analysis was performed on the 

whole blood to investigate the AOC1 gene, which encodes DAO. We found that AOC1 mRNA is 

expressed in blood cells, but the expression is donor-dependent and the CT values are rather 

high.  

 

Figure 4.2 shows the relative gene expression of AOC1 in the whole blood from four different 

donors (D1, D2, D3 and D5. D4 was not present for this study). RT-qPCR analysis was run 

twice, with each run consisting of new samples purified from freshly drawn blood. Donors D2 

and D5 had higher amount of mRNA compared to donors D1 and D3, which had quite low 

amounts. The expression pattern seemed to be the same in both runs, although with some 

variance, which may have been due to different RNA input in cDNA (Table S1) as well as 

reduction in RNA quantity during RNA purification. All relative gene expression values have 

been calculated by normalizing the gene expression in samples to their own β-actin expression 

values. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 4.2: Relative gene expression of AOC1 in the Whole blood from donors D1, D2, D3 and D5 of 2 runs.  
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In all cases, even though the RNA input in cDNA was rather high (Table S1), the gene 

expression was quite low. The CT values for the AOC1 gene were allocated in a high end 

ranging between 29.6 and 35.5, depending on the donor. To see, whether the low expressions 

could have been due to low RNA quality, the RNA integrity was analyzed. According to the RIN 

values (Table S1) the RNA seemed only slightly degraded, therefore we concluded that the RNA 

quality wasn’t a factor affecting the low expression. 

 

Overall, analysis of mRNA from the whole blood showed the presence of the AOC1 gene, 

although in quite low amounts, in the samples, proving that DAO protein detected in 

plasma/serum can originate from blood cells as well.  
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4.2 DAO mRNA expression in specific blood cells preparations 
 

 

LEVELS OF AOC1 mRNA IN PBMCs and GRANULOCYTES 

  

As documented in the Section 3.1, DAO is detectable on both mRNA and protein levels in the 

whole blood. Therefore our next goal was to identify which blood cell subsets express DAO. 

First, we looked at mRNA expressions of the AOC1 gene in different blood fractions. A density-

gradient purification was performed to separate PBMCs from Granulocytes in the RBC layer, 

and compared with the expressions in the whole blood. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 4.3: Relative gene expression of AOC1 in PBMCs, Granulocytes (GRAN) and Whole blood (WhB) from 

donors D1, D2 or a Buffy coat (BC1, BC2). 
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To determine mRNA levels of the AOC1 gene, RT-qPCR analysis was performed on four 

different donors, two of which were regular donors D1 and D2 and the other two were buffy 

coats BC1 and BC2. As seen in the Figure 4.3 the granulocyte fraction, which contained 

unseparated Neutrophils and Eosinophils, contained the highest amount of AOC1 compared to 

PBMCs or the whole blood. On the other hand, PBMCs fraction contained the lowest amounts of 

AOC1 in all four cases. It also seems like there are two types of donors; one that carries a lot of 

message for DAO in their Granulocytes when comparing to the levels in their PBMCs (D2 and 

BC2), and one that carries little (D1 and BC1). 

 

Table S2 in Appendix summarizes means of relative gene expression values, cell number used 

for RNA purification, RNA input in cDNA preparation in nanograms and CT values of AOC1 and 

b-actin of all samples from D1, D2, BC1 and BC2 used in this experiment. 

 

In this experiment, the RNA quality also did not influence the expression of the AOC1 gene, 

which we assumed based on high RIN values of samples (Table S2) from D1 and BC1, whereas 

samples from D2 and BC2 had lower RNA integrity and still showed higher expression of the 

gene.  

 

As in the previous experiment, here the CT values of the AOC1 gene are in the high end as well. 

For samples from D1, BC1 and BC2 the CT value range is 34.8 - 38.7. On the other hand, in 

donor D2 the CT values were ranging from 26.4 to 32.6 (Table S2). This suggests that not only 

by calculating the relative gene expression, but also based on just the CT values alone, donor 

D2 expressed more AOC1 mRNA compared to the rest of the donors in this experiment. 

 

With this experiment it can be presumed that Granulocytes are the main source of AOC1 mRNA, 

and therefore are possibly the main source of DAO protein in circulation. Purification of different 

PBMC subsets for this reason was not considered as necessary and the focus was on 

separating Neutrophils from Eosinophils and their analysis in the next step. This experiment also 

indicates that DAO expression differs between subjects and may be divided into two expression 

groups, where one group of donors expressed low amount or AOC1 mRNA and the other group 

a high amount.  
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LEVELS OF AOC1 mRNA IN NEUTROPHILS and EOSINOPHILS 

 

As it was established in the previous section, it is the Granulocytes that carry the biggest amount 

of message for DAO protein. Therefore we next considered the qPCR analysis of AOC1 in 

Neutrophils (NEU) and Eosinophils (EOS). 

 

Table S3 in the Appendix summarizes RNA concentrations, cell numbers, from which the RNA 

was purified, RNA input into cDNA, relative gene expressions and CT values of AOC1 and b-

actin in all samples of this experiment.  

 

cDNA samples were prepared with different RNA inputs (Table S3), due to their low 

concentrations and in order to achieve the best PCR results. The following figure (Figure 4.4) 

shows relative gene expression of AOC1 in PBMCs, Neutrophils and Eosinophils from six 

different buffy coats.   

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

  

 

FIGURE 4.4: Relative gene expression of AOC1 in PBMCs, Neutrophils (NEU) and Eosinophils (EOS) in 6 Buffy 

coats (B1 - B6). 
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According to the results here, two expression patterns can be observed: Either only Eosinophils 

are the major source of AOC1 message (samples from B1 or B4) or both Eosinophils and 

Neutrophils (samples from B2, B3, B5 and B6). But never Neutrophils alone. 

 

We also observed that the RNA extracted from NEU was lower in concentration than the one 

extracted from EOS in most cases, although the input of cells was the same (Table S3). Low 

RNA concentration, however, didn’t seem to have an effect on lowering the expression of AOC1 

in NEU or EOS. 

 

CT values of Neutrophils ranged from 27.5 to 37.5 and Eosinophils CT values from 27.5 to 32.1. 

This fact shows us that Neutrophils can reach the high end range CT values, and therefore this 

informs us that Eosinophils might be the major carries of the message for DAO protein and thus 

possibly expressing it the most. 

 

Here we discovered that Granulocytes originating from the red blood cell layer after the density-

centrifugation purification are the major source of AOC1 mRNA, more specifically Eosinophils 

seem to be the main message carriers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

- 33 - 
 

4.3 DAO mRNA and protein analysis in different blood subsets 
 

 

We have now shown that AOC1 mRNA can be found in both Eosinophils and Neutrophils, 

therefore we next decided to do a side-by-side analysis of the gene and protein on donors D1, 

D2, D3 and D4 to investigate whether the levels of mRNA are reflected on the protein level. In 

this experiment, donor D5 was absent. 

 

 

DAO mRNA ANALYSIS OF D1-D4 

 

Figure 4.5 shows the relative gene expressions of AOC1 PBMCs, Neutrophils (NEU), 

Eosinophils (EOS) and Granulocytes (GRAN) from four different donors (D1-D4). The 

expressions here seem to follow the same pattern as in the previous experiment: there seem to 

be a lot of message either only in Eosinophils, or both Neutrophils and Eosinophil. Donor D1, D3 

and D4 expressed the most AOC1 in their Eosinophils. Donor D2, however showed 

unexpectedly high expression in Neutrophils, rather than in Eosinophils. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

FIGURE 4.5: Relative gene expression of AOC1 in PBMCs, Neutrophils (NEU), Eosinophils (EOS) and Granulocytes 

(GRAN) in donors D1-D4. 
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Even though the RNA from D1 was purified from 10x more cells than in the rest of the donors, 

D1 expressed the lowest amount of AOC1 in all blood fractions. Table S4 in the Appendix 

summarizes RNA concentrations, cell numbers, from which the RNA was purified, RNA input 

into cDNA, relative gene expressions and CT values of AOC1 and b-actin in all samples of this 

experiment. 

 

All the samples analyzed by qPCR were prepared as fast possible. Cells were purified from 

freshly drawn blood and RNA samples were prepared immediately after the cell purification. The 

reason for this is, as mentioned before [39], Neutrophils are short-lived cells and may die within 

8 hours. 

 

 

VASCULAR ENDOTHELIAL CELLS 

Vascular endothelial cells are our cells of interest as well, since DAO might be also stored in 

vesicles of these cells. They are the cells forming cell walls of the veins, and thus can possibly 

leak DAO, that gets detected in the serum/plasma, into the blood stream. We therefore ran 

qPCR on unstimulated vascular endothelial cells from saphenous veins. These cells however 

had extremely low, if any, gene expression of AOC1, even though they were expected to 

express DAO (Table S4). These cells were also analyzed for DAO protein expression (results in 

the following section). 

 

 

  

DAO PROTEIN ANALYSIS OF D1-D4 

 

To verify protein expression of the AOC1 gene, we ran a Western blot analysis on cells from all 

four donors D1-D4. We decided to include a Platelet sample from each donor as well, as 

Platelets should carry DAO protein in their vesicles [5] and therefore could possibly serve as a 

positive control.  

 

All the protein samples were prepared in the same concentration (5x106 cells/mL) from purified 

cells from freshly drawn blood in order to achieve the best analysis results of the fast-dying 

Neutrophils and Eosinophils. 

  

The band representing the DAO protein is expected at 102-110 kDa, based on the literature 

research [23, 25, 26, A)]. All other bands detected at different sizes are tehrefore more likely due 

to an unspecific antibody binding. 

 

 

Expression of DAO in D1 and Endothelial cells 

DAO protein expression in PBMCs (P), Neutrophils (N), Eosinohils (E), Granulocytes (G) and 

Platelets (PL) from donor D1 is shown in the Figure 4.6A. A weak signal appeared at 110 kDa in 

PBMCs and Eosinophils, and a strong signal in Platelets. The Platelet sample, however, 

comprised an unknown amount of cells, as it was difficult to determine the cell-count. 

Neutrophils showed to be problematic, because a long black smear appeared in the N-lane (full 
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image in Appendix, Figure S4). Nevertheless, granulocyte fraction might be used to represent 

the expression of DAO in Neutrophils, as they comprise approximately 95% of all cells in the G-

fraction. In D1, Granulocytes did not seem to express any DAO protein, even at highest film 

exposure times. The lack of protein in Granulocytes was not due to a lack of cell material, 

because β-actin appared in all samples, though at lower concentrations and more degraded 

than in PBMCs or Eosinophils.  

 

 

 

 

 

 

 

 

 
FIGURE 4.6: A) Western blot analysis of DAO protein expression in PBMCs (P), Neutrophils (N), Eosinophils (E), 

Granulocytes (G) and Platelets (PL), exposure time – 20 min, B) Endothelial cells (En1-3), Platelet postive control 

(PL+), exposure time – 5 min. 20 µL of protein sample was loaded in P, N, E, G, PL and En1-3 lanes, 10 µL in PL+ 

lane. 

 

 

Next, we investigated the expression of DAO in three different Endothelial samples. In all of the 

three samples we detected quite a high amount of DAO (Figure 3.6B). Platelets from D1 (PL+) 

were used as a positive control. This sample PL+, will be used in all of the following experiments, 

as well as a mixture of Endothelial cell samples (En+) as two positive controls for DAO. 

 

 

 

EXPRESSION of DAO in D2-D4 

Similar patterns of the expression of DAO can be observed in D2-D4 as well (Figure 4.7). PL+ 

and En+ samples were used as expression controls. 

 

Donors D2 and D3 exhibited stronger protein expression in Eosinophils compared to their 

Granulocyte counterparts; D4 only in EOS, although only after a very long film exposure time 

(1h).  

 

Neutrophil samples from all donors still had a long smear through the top of the gel until about 

the middle and protein expression could not be read here either. 

 

P and E samples from D2 and D3 also expressed β-actin more strongly compared to Neutrophils 

and Granulocytes, indicating we can consider the protein expression in Granulocytes very close 

to what would be like protein expression in Neutrophils. β-actin is missing in the G-fraction in D4, 

therefore an error might have occured during the sample preparation, hence also no protein 

expression in this sample. 
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FIGURE 4.7: Western blot analysis of DAO protein expression in PBMCs (P), Neutrophils (N), Eosinophils (E), 

Granulocytes (G) and Platelets (PL), Endothelial cells (En+), Platelets - positive control (PL+), D2) exposure time – 50 

min , D3) Exposure time – 15min, D4) exposure time – 1h. 20 µL of protein sample was loaded in P, N, E, G and PL 

lanes in all D2-D4, 15 µL in al En+ lanes and 10 µL in all PL+ lanes. 

 

 

D2 E- and G-fractions showed a weaker band at around 90 kDa, meaning that this band could 

refer to an un-glycosylated DAO protein, as protein glycosylation can contribute to an augment 

in protein size [23]. 

 

Unexpectedly, in all four donors (D1-D4) a band at 110 kDa in the PBMCs sample appeared as 

well. This fact was surprising as PBMCs were excluded from further purification steps because 

of their low AOC1 relative gene expression. We suspect, that detected signal comes from 

unwashed platelets in the sample because of their adhesive nature [38]. 

 

 

Investigation of unspecific binding of the DAO antibody in the Neutrophil sample 

A pilot study on exploring the neutrophil detection problem was performed to find out whether it 

was the primary antibody, the secondary or the microbeads causing the long black smear. The 

blots were incubated either only with primary or secondary andtibody, or both or none, and the 

only time there was a signal was when both antibodies were included (data not shown). To test 

whether the problem is with the microbeads, PBMC sample was incubated with Basophil 

isolation kit microbeads with or without passing them through the magnetic column (P+col, P-col, 

respectively), as well as with CD16 microbeads. The same result appeared as when NEU were 

developed, showing a strong smear (Figure S5). Therefore the combination of AOC1 primary 

antibody with microbeads seems to be the reason for the apparition of the black smear ans 

since we could not remove the microbeads, the smear could not be avoided. 
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Figure 4.8 shows a Coomassie brilliant blue staining of the protein samples from D3 and D4. 

This experiment was carried out in order to analyze the protein content of analyzed samples. 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 4.8: Coomassie brilliant blue staining of protein samples from donors D3 and D4 in PBMCs (P), Neutrophils 

(N), Eosinohils (E), Granulocytes (G) and Platelets (PL), m – marker. 

 

 

G- and N-fractions from D3 seemed to have similar protein distribution according to the size, 

although the amount of larger proteins seems to be lower in these fractions compared to 

Eosinophils, PBMCs or Platelets. Platelets from both donors also seemed to behave simiarly. 

 

 

 

Checking Neutrophil and Eosinophil samples for purity 

To test whether the separation of Eosinophils from Neutrophils was successful and whether the 

G-fraction can be used instead of N-fraction in the DAO protein analysis, May-Grünwald Giemsa 

staining method was performed on Granulocytes, and on Neutrophils and Eosinophils alone 

(Figure 4.9). The Neutrophil fraction purified by positive selection using MACS system seemed 

to be pure, all cells seemed to be stained more or less equally. Eosinophil fraction, which was 

the negatively purified yield after MACS separation, didn’t seem to be as pure after staining, 

even though when looking at an Eosinophil cell suspension under the microscope, it seemed to 

be at least 95% pure, with rest of the cells being Neutrophils. No PBMCs were observed under 

the microscope. Therefore our assumption is that the unstained cells in the suspension are 

either immature Eosinophils - based on their size, or maybe dead cells. It might that the 3-

dimentional image, which means that some cells are just further way from the lens. Some of the 

cells might be Neutrophils, or just Eosinophils that haven’t taken up the die. Stating these facts 

and observations, we considered our Eosinophil samples to be pure enough for further analysis. 

 

On the G-fraction only about 94% of cells appeared to be Eosinophils. This fact supported our 

decision to consider G fraction as a representative fraction of DAO protein analysis. 
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FIGURE 4.9: May-Grünwald Giemsa staining of Granulocytes (G), Eosinophils (E) and Neutrophils (N). Arrows in (G) 

point to Eosinophils. Neutrophils were purified by positive (+) and Eosinophils by negative (-) selection using MACS 

system.  
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4.4 The activity of DAO in Platelets  
 

To investigate whether DAO protein in Platelets possesses any histaminase activity, we next 

analyzed histamine levels in a variety of samples incubated with either Platelets, or porcine DAO 

(pDAO), at two different time-points. 

 

We used two different platelet concentrations (1:1 and 1:10) from freeze-thawed platelet 

samples and three different pDAO concentrations (0.0018, 0.018 and 0.18 U/mL) and mixed 

them with a histamine solution in three different concentrations (250, 125, 75 ng/mL). Pipes 

buffer mixed with Histamine was used as a control. The solutions were incubated either for 1h or 

24 hours at 37°C. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 4.10: Analysis of three different histamine concentrations (250, 125, 75 ng/mL), after incubation with 

Platelets (in concentrations 1:1 or 1:10) or porcine DAO (in concentrations 0.0018, 0.018 and 0.18 U/mL) after 1 hour 

(1h) or 24 hours (24h), measured in ng/mL. 
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In the Figure 4.10 we can observe that Platelets in concentration 1:1 slightly degraded histamine 

already after 1 hour. Unexpectedly, we do not see a further decrease in histamine concentration 

after 24 hours which could indicate that the change in histamine concentration at 1 hour might 

be due to an error in detection. Therefore we cannot conclude here if Platelets are capable of 

histamine-degrading activity. 

 

The most obvious decrease in histamine content appeared after a 24-hour incubation in the 

0.018U/mL pDAO sample and a complete degradation in the 0.18U/mL pDAO sample. 
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4.5 mRNA and protein analysis of Retina specific amine oxidase 

and Vascular adhesion protein 1  
 

 

Our final experiment was focused on the other two copper-containing amine oxidases, Retina-

specific amine oxidase (RAO, AOC2) and Vascular adhesion protein 1 (VAP-1, AOC3). We 

looked at their relative gene expressions in PBMCs, Neutrophils, Eosinophils and Granulocytes 

in donors D2-D4. We also checked protein expression in PBMCs, Neutrophils, Eosinophils, 

Granulocytes and Platelets in all 4 donors, but only in one of the donors the results were 

interpretable (marked with *). 

 

 

 

RELATIVE GENE AND PROTEIN EXPRESSIONS OF AOC2/RAO 

 

Neutrophils seem to be the main message carriers for the AOC2 gene, according to the relative 

gene expression in the Figure 4.11, compared to PBMCs or EOS.  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

FIGURE 4.11: Relative gene expression of AOC2-RAO in PBMCs, Neutrophils (NEU), Eosinophils (EOS) and 

Granulocytes (GRAN) in donors D2-D4. 
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Protein expression of this enzyme, however could not be detected by the antibody in any of the 

cell samples, except for Platelets (Figure 4.12). Predicted protein size according to the 

manufacturer should be 84 kDa. The antibody seemed to bind unspecifically to a protein in both 

platelet samples (PL*, PL+) at a size 65 kDa. At around roughly 78 kDa a strong band and at 110 

kDa a weak band seemed to appear in the PL+ sample. All samples expressed b-actin, therefore 

a lack of material is not a reason for any RAO protein expression.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

FIGURE 4.12: Protein expression of Retina specific amine oxidase (RAO) in PBMCs (P), Neutrophils (N), Eosinohils 

(E), Granulocytes (G) and Platelets (PL), Endothelial cells (En+), Platelets positive control (PL+), *donor. 

 

 

 

 

RELATIVE GENE AND PROTEIN EXPRESSIONS OF AOC3/VAP-1 
 

The relative gene expression of AOC3 seemed to follow the same patter as AOC2, with 

Neutrophils being the main source of the mRNA, although this enzyme seem to be present in all 

of the cell subtypes (Figure 4.13). 

 

A band at expected protein size of 90 kDa (according to the manufacturer) seemed to lack in all 

samples, as seen in the Figure 4.14. Only in the endothelial cell sample two bands seemed to 

appear, however not at the expected size. A weak band seemed to appear at approximately 160 

kDa, which may be representing a homodimeric form of the protein. 
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FIGURE 4.13: Relative gene expression of AOC3 in PBMCs, Neutrophils (NEU), Eosinophils (EOS) and Granulocytes 

(GRAN) in donors D2-D4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 4.14: Protein expression of the Vascular adhesion protein 1 (VAP-1) in PBMCs (P), Neutrophils (N), 

Eosinohils (E), Granulocytes (G) and Platelets (PL), Endothelial cells (En+), Platelets positive control (PL+), *donor. 
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5   DISCUSSION 

 

 

ELISA analysis of Diamine oxidase (DAO) in the serum, Heparin or EDTA plasma showed us 

that this protein is indeed present in both serum and plasma (Figure 4.1). However, when 

comparing protein concentrations in each preparation, there is a significant difference when the 

blood is drawn into the Heparin tube. The levels can be twice as high as in the blood drawn into 

the EDTA or serum tubes. This discovery is consistent with the theory that Heparin can mediate 

a release of DAO pre-stored in cell vesicles [2, 6, 18]. With this experiment we recommend that 

Heparin tubes should be avoided if an analysis of DAO protein is being carried out, as the 

results may be significantly influenced by unexpected amounts of protein release. On the other 

hand, Heparin tubes may be used to determine a total amount of DAO protein present in the 

whole blood, rather than just in the serum or plasma. However, this would require further studies 

on DAO release influenced by Heparin in real time, as well as on the release mechanism. 

 

This analysis of DAO protein in five donors showed us that in D1 and D2 Heparin in blood tubes 

induced a release of more than twice of the amount of DAO compared to its levels in EDTA or 

Serum tubes. In the rest of the donors, Heparin didn’t induce as much of a protein release. This 

may be due to D1 and D2 having more pre-stored protein in cell vesicles compared to D3-D5.  

 

DAO mRNA expression in the whole blood demonstrated that DAO protein we detected in 

serum or plasma in the previous experiment, might be originating from blood cells and not only 

being a spillover from gut epithelium or other non-blood cells. 

 

In individuals suffering from Histaminosis, comparing DAO concentrations in the serum, Heparin 

or EDTA plasma could contribute some information about their dynamics of DAO. High release 

of DAO mediated by Heparin could indicate the individual has high amounts of pre-stored, 

possibly inactive DAO, if the total blood DAO mRNA levels appear to be low (as observed in 

donors D1 and D3 in Figure 4.2). Whereas individuals with low levels of pre-stored DAO and 

higher mRNA levels (as in D2 and D5 in Figure 4.2) might have more “active” DAO phenotype 

that is more capable of metabolizing histamine. 

 

mRNA analysis in different blood subsets confirmed the theory that Neutrophils and 

Eosinophils are the main leukocyte cell types expressing DAO. Eosinophils even more so than 

Neutrophils [9, 39, 42]. Here we experimentally showed similar expression trends, that 

Eosinophils seemed to express more DAO mRNA. To support this finding, we input the same 

amount of RNA when preparing cDNA samples of B2, B3 and B4 in the Figure 4.4 and saw that 

Eosinophils still expressed more mRNA.  

 

In Neutrophils, the RNA yield after the RNA purification was lower than in Eosinophils in the 

majority of cases, even though the starting cell input in in these two cell types was the same in 

each donor or buffy coat (Table S3, S4). Except for B3, Neutrophils from all of the other buffy 

coats yielded less RNA compared to their Eosinophil counterparts. The reason for this might be 

because Neutrophils are known for containing lots of proteases and little mRNA, as they are 

more of a fast-acting cells rather than protein producing cells [39]. The turnover of RNA in 
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Neutrophils increases with their activation in response to infection [73], therefore, this could be 

the reason for unstimulated Neutrophils to have low mRNA levels when purified. 

 

We have encountered β-actin to be slightly problematic as the CT values varied between 

different runs of the same sample. For future reference it would be reasonable to consider other 

endogenous controls. It was reported that the most stable gene in Neutrophils is guanine 

nucleotide binding protein, beta polypeptide 2-like 1 (GNB2L1) [72].  

 

Looking at of the qPCR results from Figures 4.4 and 4.5 collectively, it seems like we can group 

AOC1 expression patterns into two groups. One group that expresses higher amounts of the 

gene mainly in Eosinophils (like D3 and D4, or buffy coats B1 and B4) and another group where 

Neutrophils express approximately as much AOC1 as in Eosinophils, or more (D2, B2, B3, B5, 

B6). Due to the fact that there are so many Neutrophils in the circulation, individuals that 

produce AOC1 mainly in Eosinophils, may be still capable of producing high amounts of AOC1, 

though probably not as much as the first group. 

 

Looking at the levels of relative gene expression, some donors were observed to express very 

little AOC1 in most of the cell types, D1 especially, but B1 and B4 could be considered to fit in 

this groups too. These donors could be considered as “risky” ones, in regard to Histaminosis, as 

their Neutrophils could be incapable of expressing enough DAO. Larger group would need to be 

analyzed in order to confirm this theory. It might be possible, that low levels of AOC1 in 

Neutrophils of these “risky” individuals are connected to Neutrophils not receiving proper 

stimulation that would activate the transcription of AOC1 genes into mRNA and protein. 

 

 

DAO protein analysis of D1-D4 

 

When analyzing protein expression in different blood cell subsets, we dediced to inspect 

Platelets as well, as they have been shown to possess histaminase activity [5]. A faint band 

appeared at 110 kDa and therefore we assumed that this is where antibody specifically bound to 

the protein. Figure 4.6A shows DAO protein expression in PBMC (P), Neutrophil (N), Eosinophil 

(E), Granulocyte (G) and Platelet (PL) blood fractions from the donor D1. A faint band appeared 

in the E-fraction, but no band in the G-fraction. As it was impossible to read the N-lane at all, due 

to the unspecific antibody binding with the MACS beads, we decided that the G-fraction will 

represent the N-fraction instead, due to G-fraction consisting mostly of Neutrophils, even though 

the results might not be absolutely precise. The expression of β-actin also confirms that the G-

fraction mosly comprises Neutrophils. β-actin seems to be equally lower compared to the other 

samples, in both N- and G-fractions, as well as the degradation pattern seems similar. MGG 

staining also showed that at least 94% of all Granulocytes were Neutrophils. Therefore we feel 

confident about G-fraction substituting for N-fraction when concluding on DAO expression in 

Neutrophils. 

 

As D1 was our “trial and error” source of investigated blood cells, we did not expect PL sample 

to exhibit such a strong signal, even though there was an unknown platelet count input when 

preparing the sample for the analysis. When preparing the Platelet samples we were always 
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trying to assure that there are enough cells to form a pellet. Therefore the platelet cell count 

might be multiple times higher than actually necessary for an analysis. Since Platelets seemed 

to express DAO relatively highly, we decided to include a platelet sample from D1 as a possitive 

control, though at lower concentration, in the following experiments. This sample is marked PL+.  

 

To our surprise, a band was detected in the PBMC samples as well. The signal, however, may 

as well have been originating from Platelets unable to be washed away. Our assumption is 

based on previous mRNA analyses of PBMCs and them being ruled out due to their low 

possibility for DAO protein expression. One more suggested protein source might be Basophils, 

as they belong to the same Granulocyte family as Neutrophils and Eosinophils. Therefoe it 

would be interesting to carry out experiments on Basophils. An mRNA analysis as well as 

protein analysis, on pure Basophils samples would be necessary to rule out or accept these 

cells as DAO-producing cells. 

 

Figure 4.6B shows us DAO expression in three different unstimualted Endothelial cell samples 

(En1-3), that were provided as a courtesy by the LMA laboratory. Despite an unknown amount of 

cells was used to prepare the protein samples, DAO was detected in all three of them. This 

proved our theory that DAO can originate from Endothelial cells as well. Next, we decided to mix 

all three samples together and use the mixture as a positive cotrol in the sequential experiments 

(marked En+). 

 

Next, we looked at DAO protein expressions in blood cell subsets in donors D2-D4 (Figure 4.7). 

Platelets in all donors expressed the highest amount of DAO, though, this signal is relative, 

since an unknown amount of Platelets was used to prepare the samples. In D2 a double-band 

seemed to appear (one band at 110 kDa and the other, weaker band, around 100 kDa) in P-, E- 

and G-frations. We suspect the second band to be an unglycosylated form of DAO protein. 

Platelets of D2 seemed to be quite rich in DAO as well. The film was overexposed in order for all 

possible bands to appear, therefore the PL sample appears as a large blop.  

 

D3 expressed DAO in all three fractions as well, though no double-band was found. D4 showed 

a very weak band in the E-fraction after only 1 hour of exposure, meaning that though 

Eosinophils of D4 do contain DAO, the the concentration is lower than in D2 or D3. It was 

impossible to verify the expression in the G-fraction, as something went wrong with the sample 

preparation and no protein seemed to appear in the sample. This was confirmed by β-actin, 

which was lacking in the sample as well. P-fraction in D4 showed a stronger signal than 

expected, presumably due to the long exposure time.  

 

In all donors, the same problem with a black smear across the Neutrophil lane appeared. 

Unfortunately there was nothing we could have done differently during the purification 

procedure, as it is impossible to remove the microbeads from Neutrophils, as stated by the 

manufacturer. This manufacturer does not produce microbeads for positive selection of 

Eosionophils and there we could not purify these cells with this method. A possible density 

centrifugation purification might be considered to separate Neutrophils and Eosinophils, even 

though densities of these cells are very similar and the interface might be difficult to establish.  
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As for the β-actin, the fact that β-actin behaved differently in N-fractions might be due to 

Neutrophils being short-lived cells containing large amounts of proteases, as well as the fact that 

even for stimulated Neutrophils, there is a lagging time between the increase of mRNA levels 

and protein expression [39]. Even though the blood was collected shortly prior to the purification, 

they still seemed to degrade proteins fast. The purification is a time-consuming procedure and 

takes several hours from the point of blood drawing to the single cell-type protein sample 

preparation. The same expression pattern of β-actin can be observed in all four donors. When 

looking at the Coomassie brilliant blue staining in Figure 4.8, Neutrophils seem to contain lower 

protein concentrations compared to PBMCs or Eosinophils, which could mean they contain a lot 

of proteases that destroy proteins in the cell as the cell is not in action to destroy invading micro-

organisms. 

 

In any case, for future analyses we would chose a different primary antibody for DAO protein 

detection and hoping for no interference with MACS microbeads, as this system seems to 

currently be the only option offered by this manufacturer. Also we would hope for an antibody 

that can detect the DAO protein in a more specific manner, rather than binding to proteins 

unspecifically. 

 

 

Donors D1-D4 – individual analysis in regard to Histaminosis 

 

D2 appeared to be an interesting type of donor, as their mRNA reached the highest levels 

compared to the rest of the donors. However when running an ELISA analysis on D2’s serum or 

plasma, they had the lowest concentration of DAO in them. However, upon heparin stimulation 

this donor had a DAO release twice as high as the measured levels from the EDTA tubes. This 

donor didn’t complain to have any digestive issues or any allergies. Therefore it is possible, that 

since their blood cells contain a lot of mRNA for DAO, they are able to produce DAO protein 

instantly and at higher levels than D1, D3 or D4, making their histamine metabolism faster.  

 

D1 seemed to be a complete opposite to D2 with extremely low DAO mRNA that showed no 

reflection on the protein levels. D1 appeared to contain more pre-stored DAO than D2. D1 has 

been previously diagnosed with Histaminosis by gastro-entologists, though by an unknown 

blood analysis. This donor complained about digestive issues, as well as other Histaminosis-

related symptoms, though this individual does not have any detected allegies. This might 

suggest that D1 carries fair amounts of DAO pre-stored in cell vesicles but is not able to produce 

DAO fast as their cells don’t have enough DAO mRNAs to translate fast, when necessary. This 

might lead to their issues with histamine overload. 

 

An anamnesis of D3 is unknown. D4, however, complained about getting head-aches after 

drinking red wine – one of the most common side effects of histamine overdose. It is possible 

that, since we showed that Eosinophils of this individual comprised less DAO than for example in 

D3, this could be the connection between the headache and wine consumption. DAO ELISA 

analysis showed that this individual expressed quite a high amount of DAO, meaning that their 

DAO might be pre-stored rather than fast-expressed when necessary. Also, as noted before, 

once pre-stored DAO is being used, it takes time to replenish the protein source [18].  
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It is important to note that DAO protein concentrations in serum/plasma might have been 

affected by an alcohol consumption the evening before, as alcohol is a known DAO blocker [2] 

or even by serum/plasma dilution buy excessive water consumptions, though these factors 

haven’t been noted in the experiment. In possible future experiments a more thorough history 

into the intake of alcohol, water, food type consumtion and other factors, prior to the blood 

sample could be of interest. 

 

 

The DAO activity in Platelets 

 

With this experiment in section 4.5 we investigated the activity of Diamine oxidase in Platelets 

and compared it to the activity of porcine DAO from Sigma (pDAO) kept in the house. After 1 

hour only the solution with highest concentration of pDAO, 0.18 U/mL, showed some 

degradation of histamine (Figure 4.10 1h) compared to the samples without any histamine-

degrading agents (Pipes sample). After 24 hours 0.018 U/mL pDAO seemed to degrade more 

than half of the original histamine concentration in the solution and 0.18 U/mL pDAO completely 

degraded histamine (Figure 4.10 24h). Even though a platelet samples of concentration of 1:1 

after 24 hours seemed to exhibit a slight histamine degradation in 250 Hist, the result didn’t 

seem convincing due ti an unchanged content in the 24 hour sample. It might be that the amount 

of available DAO was used up after 1 hour already. 

 

We could not measure any histamine-degrading activity of Platelets. This may have been due to 

Platelets not being freshly purified, nor activated, but rather freeze-thawed. Cell walls and 

vesicles might have stayed unbroken and therefore didn’t leake an proteins out after being 

thawed. Platelets could have had some histamine pre-stored as well, which could have leaked 

into the analyte.  

 

We would like to run this experiment one more time with freshly purified Platelets, as well as 

include an incubation step, when we would let Platelets and histamine solutions incubate in 

Heparin blood tubes for certain time-points and then measure leftover histamine content. This 

way we could see whether Heparin indeed does mediate a release of DAO (or other 

histaminases) from Platelets. Or even from Eosinophils or Neutrophils. 

 

 

Relative gene expressions and a protein expression of AOC2/RAO and 

AOC3/VAP1 

 

The protein analyses of both AOC2 and AOC3 didn’t go as expected based on our mRNA 

results. None of the P-, N-, E- or G-fractions expressed protein at an expected size. When 

analyzing RAO protein, only Platelets showed some antibody binding (Figure 4.12), but not at 

expected protein size. A faint band appeared in PL+ sample at 110 kDa, which might be 

considered as RAO. As the literature is very vague on information about RAO, we can neither 

confirm nor reject our assumptions about this protein. 
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VAP-1 protein appeared only in the En+ sample at 110 kDa (Figure 4.14). Multiple other bands 

appeared in this sample as well, but none at an expected size 90 kDa. A band appearing at 160 

kDa might be an unbroken homodimeric protein form. These cells are however unstimulated 

vascular endothelial cells, as mentioned previously, and we assume that VAP-1 protein is 

therefore undetectable. A very faint band appeared in the PL sample as well at 110 kDa, which 

could mean that platelets also express VAP-1, or maybe  

 

With this experiment we tried to localize RAO and VAP-1 protein. We, however, could not detect 

any of the proteins in analyzed cell samples, therefore we cannot assess further whether these 

proteins might play a role in histamine metabolism in the blood.  

 

Nontheless, to investigate whether these proteins are capable of metabolizing histamine, we 

could obtain recombinant forms of these two proteins and incubate them with different histamine 

concentration solution as we did with the DAO protein in the previous experiment. This way we 

could confirm or reject our hypothesis about RAO and VAP-1 histamine-metabolizing properties 

and assess their relevanec in diagnostics of Histaminosis. 
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6    CONCLUSION and FUTURE PERSPECTIVES 
 

 

The overall goal of this project was to characterize the expression profile of Diamine oxidase on 

mRNA and protein levels in different blood cell subsets. We confirmed that high-density 

Granulocytes, particularly Eosinophils, are the cells expressing the most DAO mRNA. Though, 

when comparing the levels in Eosinophils to Neutrophils, they varied from donor to donor, even 

when the RNA input was the same. ELISA protein analysis of Serum, EDTA- and heparin-

plasma showed that DAO protein is indeed present in the circulation and that heparin present in 

the blood tubes induced a release of significant amount of DAO from blood cells compared with 

levels in the other two blood tubes. With these findings we conclude that heparin blood tubes 

should be avoided when routinely analyzing DAO levels using commercially available detection 

kits. Western blot analysis showed that relatively large amounts of DAO could be detected in 

Platelets. It was therefore of an interest to see whether Platelets could degrade histamine in 

vitro, but due to the lack of freshly purified Platelets we were not able to confirm nor reject 

whether Platelets could be able to metabolize histamine. Vascular endothelia cells also exhibited 

DAO protein expression. Relative gene expression of the other two AOCs, RAO and VAP-1, 

revealed that Neutrophils were the cells expressing the most AOC2 and AOC3 mRNA. We were 

not able to detect protein form of these enzymes in any of the investigated cell types, except for 

RAO in Platelets and VAP-1 in endothelial cells.  

 

Future perspectives 

For future studies we propose to an experiment, where histamine solutions would be incubated 

with freshly purified Platelets. The suspensions could be incubated for different time points with 

or without heparin, using the heparin blood tubes. This analysis could reveal more information 

about DAO enzyme dynamics of investigated individuals. Platelets might be even able to 

translate DAO mRNA into protein if they are pre-equipped with such mRNA during 

thrombopoiesis. Therefore it would be worthwhile to investigate the translational machinery of 

DAO in Platelets. Histaminosis has been linked with low DAO serum/plasma activities [2]. Could 

it be that affected individuals possess Platelets with lower levels of, or without, pre-stored DAO? 

Or could mast cells release low amounts of heparin in Histaminosis patients and therefore low 

DAO levels are available for histamine clearance?  

 

To understand the pathology of Histaminosis still requires a lot of studies, therefore with our 

study here we hoped to dispute old findings and contribute new ones. 
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APPENDIX 
 

A1. SUPPLEMENT TABLES 

 

  
 

RNA 
input in 
cDNA 
(ng) 

CT values 

relative 
gene 

expression 
RIN 

AOC1 B-actin 

1st run 

D1 400 34.9 24.4 0.0006 8.3 

D2 400 29.8 23.9 0.0169 8.3 

D3 400 33.6 23.3 0.0008 8.5 

D5 400 31.3 24.7 0.0101 8.5 

2nd run 

D1 730 35.5 22.9 0.0002 9.4 

D2 730 29.6 22.9 0.0091 9.5 

D3 730 33.6 22.8 0.0006 9.2 

D5 730 31.7 23.7 0.0038 7.6 

 

Table S1: Summary of RNA input into cDNA, relative gene expressions and CT values of AOC1 and β-actin and RIN 

values of two RT-qPCR runs of samples from D1, D2, D3 and D5. 
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RNA 
conc 
ng/µl 

cells 
x106 

RNA 
input in 
cDNA 
(ng) 

CT values 

relative gene 
expression 

RIN 

AOC1 b-actin 

D1 

PBMCs 187.8 6.3 730 36.0 21.6 0.000064 8.9 

GRAN 22.2 5 250 34.8 22.2 0.000177 7.5 

WhB 98.9 6.1 730 36.6 21.4 0.000028 7.7 

CAL       29.2 22.1 0.007060 N/A 

D2 

PBMCs 157.8 3.75 480 32.6 22.7 0.001085 9.8 

GRAN 40.19 5.2 480 26.4 22.4 0.062732 U 

WhB 86.65 3.5 480 28.5 22.9 0.020167 9.5 

CAL       26.9 22.0 0.034114 N/A 

BC1 

PBMCs 276.5 8 1000 36.0 19.8 0.000014 9.2 

GRAN 239.0 14 1000 35.7 20.4 0.000025 9 

WhB 220.5 8 1000 35.9 19.7 0.000013 9.1 

CAL       29.8 18.7 0.000459 N/A 

BC2 

PBMCs 377 8 820 37.8 24.5 0.000064 4.8 

GRAN 70.3 10 820 37.8 31.8 0.013738 3.1 

WhB 253.75 10 820 38.7 28.9 0.001464 3.2 

CAL       29.0 20.4 0.002691 N/A 
 

TABLE S2: Summary of RNA concentrations, cell numbers, from which the RNA was purified, RNA input into cDNA, 

relative gene expressions and CT values of AOC1 and β-actin. All RNA samples were prepared with the QIAamp 

RNeasy Mini kit and analyzed by RT-qPCR analysis. 
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RNA 
conc 
ng/µl 

cells 
x106 

RNA 
input in 

cDNA 
(ng) 

Relative gene 
expression 

CT values 

AOC1 b-actin 

B1 

PBMCs 161.9 5 86 0.00065 37.2 26.6 

NEU 3.8 0.5 45.6 0.00069 36.6 25.9 

EOS 10.6 0.5 86 0.00897 30.5 24.2 

GRAN 7.2 5 86 0.00400 34.9 27.0 

B2 

PBMCs 95.9 5 86 0.00106 36.1 26.2 

NEU 8.5 4.8 86 0.02395 30.0 24.6 

EOS 34.3 4.8 86 0.02115 31.1 25.5 

GRAN 13.7 5 86 0.01492 30.1 24.0 

B3 

PBMCs 155.7 5 86 0.00128 36.0 26.4 

NEU 6.5 2.4 78 0.12361 27.5 24.5 

EOS 6.5 2.4 78 0.16036 29.4 26.8 

GRAN 14.0 5 86 0.04666 27.5 23.1 

B4 

PBMCs 197.9 5 86 0.00023 37.8 25.7 

NEU 15.8 2.4 86 0.00014 37.5 24.7 

EOS 19.0 2.4 86 0.01286 32.1 25.8 

GRAN 16.8 5 86 0.00027 35.2 23.3 

CAL   
 

  
 

0.01562 26.9 20.9 

B5 

PBMCs 138.7 5 300.0 0.00609 32.0 24.6 

NEU 8.5 1.6 102.0 0.09531 27.8 24.4 

EOS 12.9 1.6 154.8 0.03505 29.7 24.8 

GRAN 12.0 5 144.0 0.11916 28.1 25.1 

B6 

PBMCs 178.0 5 300.0 0.01143 29.7 23.2 

NEU 4.9 0.6 58.8 0.17116 27.7 25.2 

EOS 6.9 0.6 82.8 0.24690 27.5 25.5 

GRAN 9.6 5 115.2 0.46791 27.3 26.6 

CAL         0.06225 26.3 22.3 
 

TABLE S3: Summary of RNA concentrations, cell numbers, from which the RNA was purified, RNA input into cDNA, 

relative gene expressions and CT values of AOC1 and b-actin. RNA samples with cell number input lower or equal to 

0.6x106 cells were prepared with the QIAamp RNeasy Micro Kit, the rest of the RNA samples were purified with the 

Mini kit. Samples were analyzed by RT-qPCR analysis. CAL – calibrator. 
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RNA conc 
ng/µl 

Cell 
x106 

RNA 
input in 
cDNA 
(ng) 

CT values 
relative gene 

expression 
AOC1 b-actin 

D1 

PBMCs 188.5 5 280.0 36.9 23.9 0.00012 

NEU 21.7 5 280.0 37.0 23.8 0.00011 

EOS 14.0 5 176.0 31.8 23.6 0.00347 

GRAN 19.5 5 280.0 33.9 22.9 0.00049 

D2 

PBMCs 29.0 0.5 300.0 32.9 25.5 0.00632 

NEU 3.8 0.5 45.6 27.9 25.8 0.22630 

EOS* 7.0 0.5 84.0 29.0 24.8 0.05574 

GRAN 3.7 0.5 44.4 27.9 25.5 0.18285 

D3 

PBMCs 44.6 0.5 300.0 34.6 24.5 0.00124 

NEU 3.8 0.5 45.6 35.1 28.0 0.00702 

EOS 4.8 0.5 57.6 28.7 26.1 0.15887 

GRAN 5.1 0.5 61.2 31.5 26.8 0.04001 

D4 

PBMCs 38.5 0.5 300.0 33.6 25.0 0.00186 

NEU 3.3 0.5 39.6 32.6 26.1 0.01033 

EOS 7.6 0.5 91.2 26.4 24.5 0.27035 

GRAN 4.5 0.5 54.0 30.3 26.6 0.11434 

ENDO 

1 188.7 U 300.0   23.3 - 

2 169.3 U 300.0 35.5 24.7 0.00087 

3 157.3 U 300.0   24.5 - 

CAL         26.3 22.3 0.06225 
 

TABLE S4: Summary of RNA concentrations, cell numbers, from which the RNA was purified, RNA input into cDNA, 

relative gene expressions and CT values of AOC1 and b-actin. RNA samples with cell number input lower or equal to 

0.6x106 cells were prepared with the QIAamp RNeasy Micro Kit, the rest of the RNA samples were purified with the 

Mini kit. The endothelial cells (ENDO) have unknown (U) cell number input for RNA purification. EOS* - this sample 

was purified and prepared on a different day than the rest of the samples from this donor. Samples were analyzed by 

RT-qPCR analysis. CAL – calibrator. 
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A2. SUPPLEMENT FIGURES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S1: MGG stain of Granulocytes.  
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Figure S2: MGG stain of Eosinophils. 
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Figure S3: MGG stain of Neutrophils. 
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Figure S4: Western blot analysis of DAO protein expression in PBMCs (P), Neutrophils (N), Eosinophils (E), 

Granulocytes (G) and Platelets (PL), exposure time – 20 min, full image. 

 

  

 

 

 

 

 

 

 

 

 

Figure S5: Western blot analysis of DAO protein expression and testing the Neutrophil problem of unspecific anti-

DAO antibody binding to MACS CD16 microbeads. PBMCs (P), Neutrophils (N), Eosinophils (E), Granulocytes (G) 

and Platelets (PL), PCD16 – PBMCs incubated with CD16 microbeads, P+COL – PBMCs incubated with Basophils 

Isolation kit II microbeads without passing throuh the LS column, P-COL - PBMCs incubated with Basophils Isolation 

kit II microbeads and passed throuh the LS column. 
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A3. STANDARD OPERATING PROCEDURES 

 

SOP1 

 
 

Standard Operating Procedure (SOP) 
Research 

Laboratory of Medical Allergology, Dept. K, Allergy clinic 

SOP name: 
 

Purification of human PBMCs, Neutrophils, 
Eosinophils and Platelets from human whole 
blood 
 
 

SOP no.:  

Version: 001 

Pages: 

Approved: 

Subjected to 
accreditation: JA ,  NEJ  
 

 

Content: 

1. Purification of PBMCs and Platelets 

2. MACS purification of Neutrophils using CD16 microbeads 

 

Principle: 

 

This SOP is describing how to isolate human white blood cells from fresh whole blood and 

subdivide them into group type according to which layer after density centrifugation they are 

present: PBMCs from the PBMC layer or Granulocytes from the red blood cell layer (Neutrophils 

and Eosinophils). Next, separation of Neutrophils from Eosinophils using MACS CD16 

microbeads is described here, as well as purification of Platelets. 

 

Materials and Reagents: 

 

Product Manufacturer Catalogue no. Distributor Storage 

CELLSTAR 
tubes, 15 ml 
and 50 ml 

Greiner bio-
one, 

430791, 
430829 
 

 RT 

LS Columns Miltenyi Biotec 130-042-401 Miltenyi Biotec 
Norden AB 

RT, 4 ̊C 

Magnetic LS 
MACS 
separator 

Miltenyi Biotec    

Reagents Manufacturer Catalogue Distributor Storage 
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no. 

Lymphoprep Axis Shield PoC, Oslo, 
NO 

1053980  4 ̊C, 
Dark 

Dulbecco’s PBS Sigma D8537 Sigma RT 

EDTA 0.5 M pH 8 RH Apotek 863200 RH Apotek RT 

ACK lysisbuffer RH Apotek 856051 RH Apotek 4 ̊C 

EDTA 0.5M pH 8.0 RH Apotek 863200 RH Apotek 4 ̊C 

Human serum 
albumin (HSA) 20% 

CSL Behringg 109697  4 ̊C 

MACS CD16 
MicroBeads, human 

Miltenyi Biotec 130-045-701 Miltenyi 
Biotec 
Norden AB 

4 ̊C 

Leucocte stain 
counting fluid 

RH Apotek 863528  4 ̊C 

 

Procedure: 

 

Purification of PBMCs and Platelets 

1. Premix 15-16 mL of whole blood with 15 mL of PBS (RT) with 15 mL blood. Optional: 

Save 1 mL of whole blood for further purification. 

2. Inject 10 mL Lymphoprep underneath the mixture using a 10 mL syringe with a 14G 

needle.  

3. Carefully place the tube in the centrifuge and centrifuge at 800g for 30 min at 21°C (acc. 

5, dcc. 3 and break =100), Rotor 183 RAD. 

4. Discard the top plasma layer and transfer the PBMC layer to a new 50 mL tube (use 

disposable serum pipette). Add PBS up to 50 mL. 

 

5. Remove the Lymphoprep layer and transfer the red blood cell (RBC) layer to a new tube 

and follow purification steps in section “MACS purification of Neutrophils using CD16 

microbeads”. 

Wash steps 

6. Centrifuge PBMCs for 10 min at 350g and 11°C (acc. 5, dcc. 3 and break=100). Save the 

supernatant by decanting (be careful not to discard the cells). Resuspend the pellet 

thoroughly using a pipette so no clumps are present and add PBS up to 50 mL.  

 

Purification of Platelets. 

i. Transfer the supernatant to a new tube and centrifuge at 1000g, 15 min, 

21°C (acc. 5, dcc. 3 and break =100) to pellet Platelets. 

ii. Resuspend the pellet in 1 mL of PBS and add up to 50 mL PBS. 

iii. Centrifuge at 200g, 10 min, 21°C (acc. 5, dcc. 3 and break =100) to pellet 

PBMCs. 

iv. Transfer the supernatant to a new tube and discard pelleted PBMCs. 
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v. Use desired amount of supernatant and pellet Platelets by centrifuging 

centrifuge at 1000g, 15 min, and 21°C. 

  

7. Centrifuge PBMCs for 10 min at 350g and 11°C (acc. 5, dcc. 3 and break =100). The 

supernatant is discarded and resuspend the cell pellet in 1 ml PBS using a pipette and 

add PBS up to 50 mL. 

8. Centrifuge (10 min at 350g and 11°C (acc. 5, dcc. 3 and break =100). Discard the 

supernatant and resuspend the cell pellet in 1 ml PBS using a pipette and add PBS up to 

50 mL. 

9. Centrifuge (10 min at 350g and 11°C (acc. 5, dcc. 3 and break =100). Discard the 

supernatant and resuspend the cell pellet in 1 mL PBS using a pipette and add PBS up to 

50 mL. 

10. Final centrifugation 10 min at 250g and 5°C (acc. 5, dcc. 3 and break =100). 

11. Discard the supernatant is and resuspend the cell pellet in 5 mL of PBS (using a pipette 

so there are no clumps).  

12. For Erythrocyte lysis 10 mL cold ACK buffer per 1 mL PBMC cell suspension (scale up for 

larger volume cell suspension). Invert the tube to mix and then place on ice for 10 min.  

13. Centrifuge the tubes for 5 min, 500g, 11°C, acc. 9 and dcc. 8. Repeat ACK lysis if cell 

suspension is still too red. 

14. Remove the supernatant (dab the tube on the tissue to remove supernatant) and 

resuspend the pellet in 10-20 mL PBS. 

 

MACS purification of Neutrophils using CD16 microbeads 

1. Add up to 50 mL PBS  and centrifuge 10 min, 600g, 21°C (acc. 5, dcc. 3 and break 

=100). 

2. Add 10 mL of ACK buffer per every 1 mL RBCs. Invert the tube to mix and then place on 

ice for max 10 min. 

3. Centrifuge the tubes for 5 min, 500g, 21°C, acc. 9 and dcc. 8. Remove the supernatant. 

4. Resuspend the pellet in 1 mL of PBS and repeat steps 2 and 3 for effective erythrocyte 

lysis. 

5. Resuspend the pellet in 10-20 mL of PBS and take out 2-5 mL for preparation of 

granulocyte (GRAN) samples. 

6. Centrifuge the rest of the suspension for 5 min, 500g, 21°C, acc. 9 and dcc. 8.  

7. Resuspend the pellet in 10 mL MACS buffer 

8. Count the cells and follow manufacturer’s protocol MACS CD16 human MicroBeads for 

separation of Neutrophils (NEU) from Eosinophils (EOS) [1]. 

9. Count cells in samples PBMCs, NEU, EOS, GRAN and aliquot as needed. 

 

Tip: 

Prepare RNA and protein samples on the day of cell purification in order for obtaining the best 

results in experiments. 
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Supplement: 

[1] Datasheet for Neutrophil purification: http://www.miltenyibiotec.com/en/products-and-

services/macs-cell-separation/cell-separation-reagents/granulocytes-and-myeloid-

cells/cd16-microbeads-human.aspx 

Hazardous reagents and chemicals: 

Blood constitutes a biohazard and risk of infection. 

Personal protective equipment and procedure: 

Gloves should be worn when handling blood. The procedure is performed in the sterile 

hood. 

Handling of waste: 

All biological material and materials that have been in contact herewith must be 

discarded in the yellow bins. 
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SOP2 
 

 

Standard Operating Procedure (SOP) 
Research 

Laboratory of Medical Allergology, Dept. K, Allergy clinic 

SOP name: 
 

SDS PAGE (E) 
 

SOP no.: F00X.004 

Version: 5 

Pages: 9 

Approved: 

Omfattet af akkreditering: 
JA ,  NEJ   

 

Content: 

 

1. Sample preparation (examples of sample buffers in supplement) 

2. SDS-PAGE analysis 

Examples of different sample buffer are found in the supplement. 

Principle: 

 

In sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) proteins are 

separated according to their molecular weight. Proteins denature when boiled with SDS and 

become negatively charged. The different proteins will hereafter be separated by their weight in 

the acrylamide gel which works like a network and thereby determines how fast the proteins 

move through the gel. Proteins can afterwards be stained in the gel (analytical coloring) or 

transferred to a membrane and detected with antibodies (western blot). 

The SDS PAGE procedure consists of 2 steps; sample preparation and SDS-PAGE analysis. 

In the supplement examples of sample buffer and protein ladder are given. 

 

Materials and Reagents: 

 

Product Manufacturer Catalogue no. Distributor Storage 
NuPAGE 4-12 % 
Bis-Tris gel 

Life 
Technologies 

NP0321BOX  Refrigerator 

Gloves  Hospital   RT 

 

 

Reagents Manufacturer Catalogue no. Distributor Storage 
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NuPAGE MOPS 
SDS Running 
buffer (20x) 

Life 
Technologies 

NP0001  Room temp. 

NuPAGE 
Antioxidant 

Life 
Technologies 

NP0005   Refrigerator 

Sharp Pre-
stained Protein 
Standard 

Life 
Technologies 

LC5800  Freezer 

 

 

Home-made buffers and 
solutions 

Content Storage 

Sample buffer (example for mast 
cell and basophil preparations  

See supplements 4C / Freezer 

Running buffer #1 50 mL MOPS SDS Running buffer,  
950 mL deoinized water 

Room temp. 

Running buffer #2 300 mL Running buffer #1,  
300 µL Antioxidant 

Room temp. 

 

 

Apparatus ID Manufacturer Location 

Xcell Surelock Mini-
Cell 

EI0002 Life Technologies Protein lab. 

Power supply nd nd Protein lab. 

 

 

Procedure: 

 

1. Sample preparation 

1. Samples of investigation need to be mixed with sample buffer before loading on gel. The 

simplest way is to use the non-reduced sample buffer from NuPAGE. For special cells more 

unique buffers might be needed as outlined below: 

 

1.1. Cell pellet (e.g. cell suspension with 106 cells) is mixed with boiling sample buffer in the 

right ratio (e.g. 100 µL cell suspension + 100 µL sample buffer). Add sample buffer and 

vortex. Boil samples for 5 min. (Tip: use parafilm to fasten the caps, make hole in the lid 

with a 26G syringe, use parafilm to fasten the caps and place tubes in a floating device).  

 

2. For cellular-samples it might be useful to pass the sample through a 26G syringe 10 times to 

homogenize the solution (this is the case for basophil samples). 

3. Centrifuge samples at 18400 x g for 5 min, and make sure not to destroy the cell pellet 

afterwards (if you store samples immediately, you do not have to spin samples here). 
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4. The samples are now ready to be loaded on the gel. If any sample is left after application, it 

can be store at -20 ̊C. Remember to centrifuge sample next time it is defrosted. 

 

2. SDS-PAGE analysis 

1. Prepare running buffer #1 and #2. 

2. Remove the white tape and the comb from the gel cassette. The gel is placed in the 

electrophoresis chamber. Either 1 gel and the buffer dam (plastic cassette) or 2 gels.  

3. Place the buffer core and the gel tension wedge (unlocked) and fixate all parts by locking 

the tension wedge (see figure 1 in supplement).  

4. Fill running buffer #2 into the middle chamber until the gels are covered and check if 

chamber is leaking. If so reassemble the chamber. 

5. Fill running buffer #1 into the outside chamber so the gel is covered up to the wells. 

6. Remove air bubbles in the wells and under the gel using a serum pipette (and running 

#2) 

7. Apply now samples or protein marker into wells of the gel:  Add 20 µL (max. 25 µL) of 

sample/well and 8 µL pre-stained protein standard (for image see appendix) to one or 

more wells.  

8. Place the lid onto the chamber and connect to power supply. Gels are run for 

approximately 1 hour at 190 V (constant current). After finished electrophoresis, the 

power is switched off, the gel is taken out and the equipment rinsed with deionized water. 
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Supplement: 

 

Figure 1: Illustration of XCell SureLock Mini-cell 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Sharp Pre-stained Protein Standard 
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Preparation and use of sample buffers 

I) NuPAGE sample buffer:  

Use one part of the LDS sample buffer (4x) and 3 parts of your sample. For reduced samples 

add 5% beta-mercaptoethanol. 

 

II) Sample Buffer for Mast cell (and basophils): 

 

1. Mix the following buffer and store at – 20°C as 20 mL aliquots 

 

5x Phosphatase inhibitor 

Sodium Orthovanadate (SIGMA #S-6508)  0.18 g 

Sodium Pyrophosphate (SIGMA #-9515S)  13 g 

Sodium Fluoride (SIGMA #S-7920)  2.1 g 

TBS*    to 200 mL 

Total    200 mL 

 

*) 1L 10 x TBS: 24.2g Tris-base, 80 g NaCl, water to 800 mL, adjust pH to 7.6 with HCL. Add 

water up to 1000 mL. 

 

2. Prepare the next buffer which includes the 5 x phosphatase buffer – mix all reagents in a 

small glass cup at 50°C, stir. Not all dissolves!  Store at – 80°C as 2 ml aliquots.  

 

LB 4x (phosphatase and protease inhibitor cocktail) 

5x Phosphatase inhibitor    20 ml 

Complete Protease inhibitor cocktail (Roche #11 697 498 001) 20 Tablets 

SIGMA Protease inhibitor cocktail (SIGMA #P-8340)  5 mL (1 bottle) 

Dichloroisocoumarin (SIGMA #D-7910) - dissolve 10 mg in 220 µL DMSO  110 µL 

Benzamidine  Hydrochloride (1 M) (SIGMA #63226-1mL-F)   100 µL 

Total     25 mL 

 

3. Prepare the final sample buffer and store 0.5 mL aliqouts at – 80°C 

Sample Buffer (for Whole Cell Lysates) 

LB 4x     2 mL 

NuPage LDS Sample Buffer (4x) (Life Technologies #NP0007)  5 mL  

1M DTT (SIGMA #646563)    1 mL 

beta-Mercaptoethanol (SIGMA # M3148)   1 mL 

dH2O     1 mL 

Total     10 mL 

 

4. Use the sample buffer boiling in the ration 1+1 (e.g. 100 µL cell suspension + 100 µL 

sample buffer). 
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Hazardous reagents and chemicals: 

 

In its polymerized form (as in pre-cast gels NOT in powder form) acrylamide is not 

hazardous.  

 

Personal protective equipment and procedure: 

 

Nitrile gloves are used under the whole process from buffer preparation to rinsing the 

equipment. Al work has to be done in the fume hood. 

 

Handling of waste: 

 

Gels are discarded in the yellow bin and remaining waste is discarded in the white 

container. 
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SOP3 
 

 

Standard Operating Procedure (SOP) 
Research 

Laboratory of Medical Allergology, Dept. K, Allergy clinic 

SOP name: 
 

Western blot 
Commercial way (E) 
 

SOP no.: F00x.005 

Version: 006 

Pages: 7 

Approved: 

Omfattet af akkreditering: 
JA ,  NEJ   

 

Content: 

 

1. Electro blotting (2-3 hours) 

2. Incubation with antibody (3-4 hours) 

3. Exposure on x-ray films (minutes) 

4. Reprobing with control antibody 

 

Supplement: Overview of primary and secondary antibodies 

 

Principle: 

 

In western blot, proteins are visualized by binding with antibodies to the proteins of 

interests. After separation of proteins by SDS-PAGE, proteins are transferred electrophoretic 

to nitrocellulose- or PVDF membranes. The membrane is incubated with antibodies, which 

selectively bind to the proteins on the membrane. The visualization of the bound primary 

antibodies is achieved by adding secondary antibodies, selective for the primary antibodies. 

The secondary antibodies are linked to the enzyme horseradish peroxidase (HRP) and will 

emit chemiluminescence, when adding a substrate (luminol). This light emission can be 

detected by exposure of x-ray films. 

 

 

 

Materials and Reagents: 

 

Product Manufacturer Catalogue no. Distributor Storage 

Nitrile gloves   Hospital RT 
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Nitrocellulose 
Pre-cut Blotting 
membranes 
(0.45 µm) 

Life 
Technologies 

LC2001  RT 

Blotting Pad 
(sponge) 

Life 
Technologies 

  RT 

Containers for 
soaking 
membrane and 
blotting pad 

(pipet tip 
container) 

  RT 

Stericup (filter) Millipore SCGVU02RE  RT 

Petri dish or 
other small 
containers 

   RT 

Hp color 
LaserJet 
transparencies 

HP invent C2936A  RT 

Film casette 
24x 30 cm 

   RT 

X-Ray Films Agfa 
Healthcare 

  Refrigerator 

 

Reagents Manufacturer Catalogue no. Distributor Storage 

NuPAGE Transfer 
buffer (20x) 

Life 
Technologies 

NP0006  RT 

Bovine albumin (BSA) Sigma-Aldrich A7030  Refrigerator  

ECL HRP 
Chemiluminescent 
substrate 
Reagent Kit 

Life 
Technologies 

WP20005  Refrigerator 

Skim Milk Powder Fluka 70166  RT 

Tween 20, viscous 
liquid 

Sigma-Aldrich P1379  RT 

TBST buffer: 
TBS x1 buffer w tween 
(NaCl 159 mM, Trizma 
base 50 mM, Tween 
20 0.05%) 

RH apotek 857052 RH apotek RT 

NuPAGE Antioxidant Life 
Technologies 

NP0005  Refrigerator 

Methanol Fisher Scientific 10000280  RT 

Natrium Azide Sigma 26628-22-8  Refrigerator 
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Home-made buffers and 
solutions 

Content Storage 

Transfer buffer Make 1L: 5 % transfer buffer (20x),  
0.05 % antioxidant, 85 % water and  
10 % (1 gel) or 20 % (2 gels) 
methanol 

Prepare fresh 

TBS buffer (10x) Trizma base 60.57 g (500 mM), 
NaCl 
87.66 g (1500 mM). Dissolve 
substances in 800 mL water and 
adjust to pH 7.4. Add demineralized 
water to a volume of 1L. 

RT 

Blocking buffer w. milk 3 % skim milk powder and TBST 
buffer. 

4 EC for 1 
month 

Blocking buffer w. BSA 4 % BSA and TBST buffer (filter in 
stericup). 

4 EC for 1 
month 

Quench buffer, NaAzid 0.02% NaAzide and TBS 1x buffer  

Apparatus ID Manufacturer Location 

Xcell Surelock Mini-
Cell 

EI0002 Life Technologies “Proteinlab” 

Power supply   “Proteinlab” 

Orbital shaker Kb 125 basic IKA 
orbital 
shaker, nr. 247600 

 “Storelab” 

Medical film 
processor, 
Cawomat 2000 IR 

9462/305/345 CAWO 
Photochemisches 
Werk 
GmbH 

Dept 22., basement 

 

 

 

Procedure: 

 

1. Electro blotting (2-3 hours) 

1. Prepare 3 cases and put 5 sponges in one, membranes in one, and filter papers 

in one. Soak them in transfer buffer. You need 1 membrane and 2 filter papers for 

1 gel. 

2. After finished electrophoresis remove the gel-cassette from the electrophoresis 

chamber and separate the cassette using the gel knife. Be careful - the gel can 

easily break!! Add a little transfer buffer on top of the gel so it stays wet. TIP: wet 

your cloves and gel knife with transfer buffer. 

3. Form a sandwich: filter-gel-membrane-filter. Remove air bubbles by gently rolling 

the “maler-rulle” over the sandwich. TIP: mark the membrane so you know which 

side is up.  
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4. Now you need to assemble the blotting module: 

For 1 gel the procedure is:  

Place 2 pre-soaked sponges in the blotting module, then place the gel-

membrane-sandwich on the sponges, so the membrane is closest to you and 

then place 3 sponges on top of the sandwich. Add the top of the blotting module. 

For 2 gels the procedure is:  

Place 2 pre-soaked sponges in the blotting module and then place the first gel-

membrane-sandwich (oriented so the membrane is closest to you), 1 sponge, 

second gel-membrane-sandwich (oriented so the membrane is closest to you) 

and 2 

sponges in the blotting module. Add the top of the blotting module. 

5. Hold the blotting module together firmly and slid it into the blotting chamber and 

put the wedge into lock position. Fill the blotting module (middle chamber) with 

transfer buffer so there is 0.5-1 cm over the sponges/sandwich. Fill the outer 

chamber with app. 650 ml of deionized water, so water level reach app. 2 cm 

from the top of the blotting module (this serve to dissipate heat produced during 

the run). 

6. Turn on the power supply and blot at 30 V (constant current) for 1 hour (1 gel) or 

2 hours (2 gels). Check for bubbles at the surface of the transfer buffer - 

bubbles means that it is running okay!  

 

2. Incubation with antibody (3-4 hours) 

1. When the transfer is finished, rinse the membrane with TBST buffer (2x5 min.) in 

a case on the shaker. (Tip: mark up the protein marker ) 

2. You can now leave the blot ON at 4C in plain TBS or continue to block unspecific 

bindings with blocking buffer (3 % milk or 4 % BSA (for anti-PY proteins use 

BSA!!)) for 1 hour at RT. 

3. Only if milk has been used: Rinse the membrane with blocking buffer (4 % BSA) 

(2x5min.) 

4. Incubate the membrane with the primary antibody in blocking buffer (4 % BSA) for 

1 hour or ON at 4C ( if protein concentration is low this might be preferred). You 

need a volume of ca. 10-15 ml. 

5. Rinse the membrane with TBST buffer (4x5min.) 

6. You can now leave the blot ON at 4C in plain TBS or continue to incubate the 

membrane with secondary antibody in blocking buffer (3 % milk or 4 % BSA (for 

anti-PY proteins use BSA!!)) for 30 – 60 min (depending on antibody). You need a 

volume of ca. 10-15 ml. 

7. Rinse the membrane with TBST buffer (1x15 min. + 3x5 min.) (In the meantime, 

fill the necessary liquids up and turn on the film processor (see step 4 in next 

section). 

8. Rinse the membrane with PBS (2x2 min.)  
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3. Exposure on x-ray films (minutes) and developing 

1. Air-dry the membrane and mix the same volume of developer and enhancer (2x2 

mL/membrane). 

2. Place the mixed reagents on the membrane and wait for 1 minute. 

3.  Drain the membrane and place it between to plastic sheets. Seal with tape and 

place in the cassette. 

4. Switch on the film processor 10 minutes prior to developing. Ensure that 

containers are filled with fixative, developer and water (ddH2O!). 

5. Switch off the light. Run one of the cleaning films prior to the x-ray film (dark 

room!) (this is to check for any dirt inside the film processor. When the machine 

stops making noise the light can be turn on, but remember to closed the clean 

film/x-ray film box prior to turning on the light).  

6. Place x-ray films in the cassette (dark room!) and expose for different time 

intervals (10 sec.-10 min.). Run it through the film processor. 

7. If the bands are very faint one can repeat step 1-3.  

8. The film processor is switched off after use and the water tank is emptied. 

9. If the membrane is re-used for reprobing, rinse with TBST buffer (1 x 5 min), 1x 5 

min with TBS and store in NaAzide at 4°C overnight 

 

4. Reprobing with control antibody 

1. Place the membrane in 0.02% NaAzide overnight or longer at 4 °C. This will quench 

the HRP-conjugated antibodies. 

2. Wash 1x in TBST for 5 min 

3. Wash 2x in 4% BSA for 5 min  

4. Incubate the membrane with anti-β-actin antibody in blocking buffer (4 % BSA) for 1 

hour on a shaker 

5. Wash 4x 5 min in TBST 

6. Incubate the membrane with secondary antibody in blocking buffer (3 % skim milk) for 

1 hour on a shaker 

7. Wash 2x 5 min in TBST 

8. Rinse the membrane with PBS (2x2 min.) 

9. Follow instruction in 3. Exposure on x-ray films 
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Supplement: 

 

Overview of antibodies used in-house 

Primary antibodies 

Target  Name Cat.nr./Producer Application User 

DAO Rabbit Anti- 
DAO  

LS-C294117-100, 
LSBio 

1:150  

RAO Rabbit Anti-
RAO Antibody 

26-030, ProSci 1 mg/mL  

VAP-1 Rabbit Anti-
VAP1 Antibody 

LS-B10722, 
LSBio 

1:1000  

β-actin Monoclonal 
Anti-β-Actin 
antibody 
produced in 
mouse 

Sigma-Aldrich 1:50000  

 

Secondary antibodies 

Target  Name Producer/cat. 
Nr. 

Application User 

Mouse Anti-mouse IgG 
(Fc specific)-
Peroxidase 
produced in 
goat 

Sigma-Aldrich/ 
A0168 

1:10000  

Rabbit Goat anti-rabbit 
IgG-HRP 

Santa Cruz/ Sc-
2004 

1:3000  

 

Hazardous reagents and chemicals: 

β-mercaptoethanol is toxic and dangerous for the environment. 

Personal protective equipment and procedure: 

Nitrile gloves are used under the whole process from buffer preparation to rinsing the 

equipment. Al work has to be done in the fume hood. 

Handling of waste: 

Gels and filter papers are discarded in the yellow bin and remaining waste is discarded 

in 

the white container. Traces of β-mercaptoethanol can be sealed air-tight (in a glove or 

plastic bag) before discarding.  
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SOP4 

DAO activity measurement using Histareader  

 

 

Product Manufacturer Catalogue no. Distributor Storage 

Calibration 
Plate 

RefLab RLB216 RefLab RT 

HI Plates RefLab RLA210 RefLab RT 

 

Reagents Manufacturer Catalogue 
no. 

Distributor Storage 

Pipes buffer RefLab RLA706 RefLab RT 

Perchloric acid 0,59 % RH Apotek 86 35 86 RH Apotek RT 

Perchloric acid 7 % RefLab RLR012 RefLab RT 

Sodium hydroxide 50 
mM 

RH Apotek 85 07 13 RH Apotek RT 

Sodium Dodecyl Sulfate 
(SDS)  
Stock solution 20,4 % 

RefLab RLR007 RefLab RT 

Detergent for HR-test RefLab RLR025 RefLab 4 ̊C 

Coupling reagent discs, 
5mg 

RefLab RLR013 RefLab 4 ̊C 

Histamine Sigma H7250   

Porcine DAO Sigma 9001-53-0  -20 ̊C 

Human platelets     
 

Home-made buffers and 
solutions 

Content Storage 

SDS Solution 0,4 % 
5 mL SDS Stock solution + 250 mL 
demineralised water 

RT, 1 week 

o-PhthalAldehyde (OPA) 
Solution 

1 Coupling reagent disc (5mg) + 10 
mL sodium hydroxide 50 mM.  
 
Wait 30 min before use.  

Protected from 
light.  
No storage 
from day to 
day. 

 

Apparatus ID Manufacturer Location 

Incubator 
  

Fermaks,  
Type B 8054 

Fermaks, Bergen, 
Norway 

Protein lab. 

 

 

 

Sample preparation: 

All samples were prepared according to this table and were incubated at 37°C either for 

1 hour or 24 hours before the reaction was stopped with 7% HCLO4 
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Cell suspensions: Samples 

Incubation 
time at 37°C 

50 µL 

Histamine 
ng/mL 

  

50 µL 

1h/24h 

125 

Pipes 
DAO 

0.0018 
U/mL 

DAO 
0.018 
U/mL 

DAO  
0.18 
U/mL 

Platelets 
1:1 

Platelets 
1:10 250 

500 

 

Cell suspension: Sample controls 

Incubation 
time at 37°C 

50 µL 
50 
µL 

1h/24h 

DAO 0.0018 U/mL 

Pipes 

DAO 0.018 U/mL 

DAO  0.18 U/mL 

Platelets 1:1 

Platelets 1:10 

 

Total histamine: Use 100 µL cell suspension (see table below for preparation of cell 

suspensions) + 30 µL 7% HCLO4, wortex and incubate 15 min at RT, then add 100 µL PIPES 

and store at -20°C until use. Centrifugate before use (16,000g, 5 min, RT) and load 25 µL on a 

reconstituted HI-plate - Remenber to use a special buffer to blanks/Standard (300 µL PIPES + 

90 µL 7% HCLO4 + 300 µL PIPES). Then incubate the plate 30 min at 37°C, wash plates 

manually with demineralised water (5 times) and then dry plates by taping the plate semidry on 

paper. Then continue with step “Quantification of released histamine”. 

 

Quantification of released histamine 

For calibration of the histareader prepare a calibration plate by adding 50 μL pipes buffer to all 

wells and incubate for 10 min at 37 °C, wash plate 5x with demineralised water and then dry 

plates by taping the plate semidry on paper. Continue with step 3. 

1. Add 175 µL SDS Solution 0.4% to all HI-plates (supernatant and lysate plates) and incubate 

10 min at 37°C. 

2. Wash plates 5x with demineralised water and then dry plates by taping the plate semidry on 

paper. 

3. Add 75 μL OPA Solution to all plates and start the timer at the first plate. 

4. After 10 min, stop the reaction by adding 75 μL perchloric acid 0.59 %.  

Allow the reaction to occur for a few moments and read the plates on HistaReader.  
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A4. List of additional reagents and materials 

  

RNA PURIFICATION AND ANALYSIS 

 

Product Reagents and materials Manufacturer Catalogue  no. 

RNreasy mini kit RLT buffer Qiagen 74106 

RW buffer 

RPE buffer 

RNAse free water 

QIAshredder spin columns 

QIAamp spin columns 

70% Ethanol 

QIAamp RNA 
Blood Mini kit 

RLT buffer Qiagen 52304 

RW buffer 

PE buffer 

Rnase free water 

QIAshredder spin columns 

QIAamp spin columns 

RNreasy micro kit RLT buffer Qiagen 74004 

RW buffer 

RPE buffer 

Rnase free water 

QIAshredder spin columns 

Rneasy MinElute Spin Columns 

70% Ethanol 

80% Ethanol 

Quant-IT Working 
solution 

RNA standard #1 Invitrogen 46-2224 

RNA standard #2 

RNA reagent 

Rna Buffer 

RNA buffer 

Agilent RNA 6000 
Nano kit 

Agilent RNA 6000 Nano reagents Agilent 5067-1511 

Agilent RNA 6000 Nano ladder 

RNAse ZAP 

DEPC-treated RNAse free water 
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Apparatus Manufacturer 

Qubit fluorometer 1.0 Invitrogen 

2100 Bioanalyzer Agilent 

Cip priming station 

Vortex mixer adapter 

GeneAmp PCR System 9700 
Thermocycler 

Applied Biosystems 

StepOnePlus RT-PCR, Thermal 
Cyclic Block 

Applied Biosystems 

Vortex mixer adapter   

Microcentrifuge   

 

 

 

Primers for qPRC analysis Manufacturer Catalogue  no. Dye 

ACTB (β-actin) Applied Biosystems 4310881E VIC-TAMRA 

AOC1 Applied Biosystems Hs00175631_m1  FAM-MGB 

AOC2 Applied Biosystems Hs00241783_m1 FAM-MGB 

AOC3 Applied Biosystems Hs02560271_s1 FAM-MGB 

 


