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Abstract 

 

 

Upon an inflammation the immune system signals the brain by secreted cytokines to elicit 

central nervous responses such as fever, loss of appetite and secretion of stress hormones. 

Since the blood brain barrier, (BBB) protects the brain from unwanted material, molecules like 

cytokines are not allowed to cross the barrier and enter the brain. However, it is clear that they 

in some way can signal the brain upon an inflammation. Many suggestions concerning this 

signaling has been made, one being that cytokines bind to receptors on the endothelial cells of 

the blood vessels of the brain and trigger the production of prostaglandins that can cross the 

BBB. This conversion is catalyzed by the enzyme cyclooxygenase-2, (COX-2), which is 

induced by transcription factors like NF-κB in response to cytokines. One of the central 

nervous responses to inflammatory stimuli is activation of the HPA-axis whose main purpose 

is glucocorticoid production. Glucocorticoids inhibit the inflammatory response by suppressing 

gene transcription of pro-inflammatory genes including those producing prostaglandins 

through direct interference with transcription factors such as NF-κB or initiation of 

transcription of anti-inflammatory genes like IκB or IL-10. It has however not been clear if 

glucocorticoids can target the endothelial cells of the brain in order to provide negative feed-

back on the immune-to-brain signaling, and in that way inhibit central nervous inflammatory 

symptoms. An anatomical prerequisite for such a mechanism would be that the induced 

prostaglandin production occurs in cells expressing GR. This has however never been 

demonstrated. Here I show that a majority of the brain endothelial cells expressing the 

prostaglandin synthesizing enzyme COX-2 in response to immune challenge also express the 

glucocorticoid receptor, (GR). This indicates that immune-to-brain signaling is a target for 

negative regulation of inflammatory signaling executed by glucocorticoids and identifies brain 

endothelial GR as a possible future drug target for treatment of central nervous responses to 

inflammation such as fever and pain. 

 

 

 

 

 

 

 

 

 



 

   
    

Abbreviations 

 

 

ABC  Avidin-biotin Complex  

ACTH  Adrenocorticotropic hormone 

AP-1  Activator protein-1 

BBB  Blood brain barrier 

cAMP  Cyclic adenosine monophosphate 

CNS  Central nervous system 

COX  Cyclooxygenase 

CREB   cAMP response element binding protein 

CRF  Corticotrophine releasing factor  

DNA  Deoxyribonucleic acid 

GR  Glucocorticoid receptor 

GRE  Glucocorticoid response element 

HDAC  Histone deacetylase 

HPA axis  Hypothalamic-pituitary-adrenal axis 

hsp  Heat shock protein 

IgG  Immunoglobulin G 

IκB  Inhibitor of NF-κB 

IL-1  Interleukin-1 

IL-1R  Interleukin -1 receptor 

LPS  Lipopolysaccharide 

NF-κB  Nuclear factor-κB 

PGD2, E2 etc. Prostaglandin D2, E2 etc. 

PLA2  Phospholipase A2 

RNA  Ribonucleic acid 

TLR  Toll-like receptor 

TNF  Tumor necrosis factor 
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1. Inflammation and the immune system response 

 

 

1.1 Recognition of pathogens and activation of cytokines 

 

Upon an inflammation when pathogens like bacteria or virus invade an organism the innate 

immunity depends on recognition and removal of unwanted material [19]. As a response to the 

inflammation, white blood cells, mostly neutrophils, start to migrate followed by a large 

number of macrophages that help to clean up the area and reestablish a normal tissue 

environment. Furthermore, macrophages are responsible for recognizing pathogens and starting 

the production of pro-inflammatory cytokines [15]. 

 

For instance lipopolysaccharide, (LPS), which is a part of the outer membrane of gram 

negative bacteria, is recognized by pattern recognition or Toll-like receptors (TLR) that are 

encoded in host DNA and expressed on the surface of antigen-presenting cells like 

macrophages and dendritic cells. When TLR interact with pathogen associated molecular 

patterns on the microorganism, the dendric cells or macrophages are triggered to respond by 

production of pro-inflammatory cytokines as well as subsequent activation of other pro-

inflammatory mediators like prostaglandins and histamine [21]. 

 

Cytokines are small soluble glycoproteins that can be divided in two categories, pro-

inflammatory and anti-inflammatory [15]. These inflammatory messengers act by autocrine or 

paracrine mechanism and bind to receptors on target cells leading to activation of other 

inflammatory mediators [21]. For instance the pro-inflammatory cytokine IL-1 is important for 

signaling and stimulation of production of inflammatory mediators like prostaglandins [15].  

 

 

1.2 Immune system and CNS 

 

Upon an inflammation there are four cardinal signs of the inflammation in an organism [21]. 

Since the blood supply to the affected area is increased it leads to redness and heat. Beside that 

the capillary permeability is magnified which leads to swelling [15]. Inflammatory mediators 

also make peripheral nerve-ending hypersensitive, inducing pain and increased pain sensitivity.  

 

Beside the local symptoms there is a systemic inflammatory response that is triggered by the 

brain during severe inflammation. The brain and the immune system communicate in a 

bidirectional fashion where the immune system signals the central nervous system, CNS, via 

circulating cytokines that give rise to sickness related responses such as fever and secretion of 

“stress hormones“ or glucocorticoids [10] through the hypothalamic-pituitary-adrenal axis, 

(HPA axis). Glucocorticoids target the immune system and normally reduce its activity [23]. 
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1.3 A prostaglandin dependent pathway across the blood brain barrier 

 

The blood brain barrier, BBB that is made up by endothelial cells of the cerebral vessels joined 

by tight junctions, is protecting the brain from harmful substances in the blood and even the 

cytokines are not permitted to enter [8]. So how can they signal the CNS and trigger symptoms 

such as fever?  

 

Many suggestions have been made on this subject but one of the most convincing one is that 

the cytokines bind to the luminal side of the blood vessels and do not enter the brain but instead 

induce production of prostaglandin E2 that can enter the brain and forward the signal. 

Additionally it has been proven that the enzyme cyclooxygenase-2, (COX-2), which is critical 

for prostaglandin production, is activated in the brain vasculature in response to LPS stimuli 

[8]. 

 

 

2. COX-2 and Prostanoids 

 

 

Prostaglandins belong to the group of eicosanoids and are synthesized from arachidonic acid 

that is liberated from phospholipids of cellular membranes by the phospholipase A2 [3], as a 

result of different stimuli like antigen-antibody reactions on mast cells or general cell damage 

[21]. The conversion of arachidonic acid to prostaglandins is done through incorporation of 

two O2 molecules to every molecule of arachidonic acid yielding the unstable intermediate 

PGG2. This reaction is catalyzed by the enzymes called cyclooxygenases. PGG2 is rapidly 

converted by peroxidation to PGH2 that is later on converted to prostanglandins E2, D2, I2, 

F2α and thromboxane [2]. They perform their action by binding to the classes of G-protein 

coupled receptors named EP, FP, DP, IP and TP receptors and, the difference between these 

receptors lies in e.g. their effects on cAMP and intracellular Ca
2+

 mobilization [17]. 

 

Cyclooxygenases exist in two isoforms, COX-1 and COX-2 where the first one is present in 

most cells as a constitutive enzyme, while COX-2 is triggered by inflammatory stimuli [21].  

 

Prostanoids, mainly PGE2, are released in response to inflammation and generally have pro-

inflammatory actions [21]. PGE2 with its highly pyrogenic features is believed to be the most 

potent inflammatory mediator responsible for evoking fever [4], an adaptive response to 

systemic inflammation coordinated by the brain [22]. The most convincing theory of how the 

immune system signals the brain is that PGE2 is produced in the endothelial cells of the blood 

vessels of the brain upon immune challenge a theory supported by evidence like induced COX-

2 in these cells as a response to inflammatory stimuli [3]. The time course of fever and COX-2 

induction in endothelial cells has also been shown to work in parallel [4]. Importance of PGE2 

as an inflammatory mediator inducing fever is also indicated by the fact that  both LPS and 

PGE2 injections into the ventromedial prepoptic nucleus of hypothalamus in rat brain trigger 

fever while injections of COX inhibitor blocked LPS induced fever [22]. 
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Another indication of prostaglandins in the endothelial cells are responsible for the immune-to 

brain signaling is that cerebral endothelial cells have receptors for pro-inflammatory cytokines 

like IL-1, IL-6 and TNF-α [9], and induced COX-2 mRNA upon LPS administration in rat 

cerebral vasculature seems to be colocalized with these receptors [5]. In addition an interesting 

observation was made upon i.v. injection of IL-1β in rat showing that mRNA induction for 

both mPGES and COX-2 in the cerebral blood vessels occurs in the same order as these 

enzymes are engaged in the PGE2 synthesis, with a more rapid upregulation of COX-2 mRNA 

[7]. 

 

 

3. NF-κB 

 

 

Much of the gene regulation in the immune system, including genes encoding the cytokines 

and COX-2, is done by the transcription factor, nuclear factor-kappa B, NF-κB [24]. 

Pathogens, bind pattern recognition receptors such as TLRs, a group of transmembrane 

proteins that activate the NF-κB pathway in the cell [16]. Also cytokines like IL-1 and TNF 

activate the NF-κB pathway trough a similar mechanism because of the homology between 

cytosolic domains of the IL-1 receptor and TLRs [13].  

 

In its inactive form, NF-κB is bound to the inhibitor protein IκB and is located in the 

cytoplasm. Upon different stimuli like cytokines or LPS, IκB is phosphorylated, resulting in a 

target of recognition for an E3 ubiquitin ligase complex that marks the IκB for degradation. 

Once IκB is degraded the NF-κB can induce the expression of genes by entering the nucleus 

(Figure 1) [24]. 

 

NF-κB can be downregulated by different mechanisms. One of these is the feedback pathway 

by which newly synthesized IκB binds to and exports the nuclear NF-κB to the cytosol [13]. 

 

Figure 1. Activation of NF-κB pathways by phosphorylation of IκB [24]
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4. HPA-axis and GR 

 

 

4.1 HPA-axis 

 

The HPA axis, involves synthesis and release of adrenal steroids controlled by adreno-

corticotrophic hormone, (ACTH), secreted from the anterior pituitary gland. ACTH is 

regulated by corticotrophin releasing factor, (CRF), secreted from the hypothalamus, which in 

turn is regulated by the level of blood glucocorticoids and input from the CNS. In response to a 

threatening environment the HPA axis is activated [21] and its main function is production of 

corticosteroids by which the brain can affect the immune system [8].  

 

 

4.2 Activation of GC and GR 

 

As mentioned earlier one of the major hormonal systems, the HPA axis, is activated during 

stress as a response of secretion of CRF [6]. When stimulated, the paraventricular nucleus of 

the hypothalamus secretes CRF that in turn leads to expression and release of ACTH from the 

pituitary gland. Subsequently, the released ACTH induces the expression and release of 

glucocorticoids, (GC), from the adrenal gland [10].  

 

Glucocorticoids secreted from the adrenal glands are always present in the blood and their 

multiple functions affect mechanisms like the carbohydrate and protein metabolism as well as 

our immune response [21]. They are used widely in pharmacotherapy because of their effective 

anti-inflammatory properties in treatment of multiple diseases including asthma, multiple 

sclerosis and rheumatoid arthritis [12]. For instance it has been shown in experiments where 

rats were microinjected intracerebroventriculary with a potent glucocorticoid antagonist that 

they developed higher fever in response to intraperitoneal injection of LPS while rats 

pretreated with intrahypothalamic injection of corticosterone before LPS developed lower fever 

[18]. 

 

One major effect of GCs is to inhibit synthesis of inflammatory mediators by suppression of 

the genes that encode them. There is evidence that GC inhibit for example NF-κB that regulate 

expression of many inflammatory proteins like cytokines and COX as described above [1]. 

 

When GCs enter the cells they bind to specific receptors, the glucocorticoid receptors, (GRs), 

in the cytoplasm. When unliganded, GR is a part of a protein complex that includes the heat 

shock proteins, hsp56 and hsp90 [21]. Once GC is bound to the cytosolic GR, the complex 

dissociates from the hsp proteins and translocates to the nucleus where it regulates gene 

transcription. This is done through binding of glucocorticoids response elements (GREs), on 

specific DNA sequences in the promoter region of steroid-sensitive genes, or through 

interference with other signaling pathways such as NF-κB or AP-1 to repress gene transcription 

[10].                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
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4.3 Suppression of the inflammatory response 

 

Inflammatory genes expressed upon an inflammation are regulated by pro-inflammatory 

factors such as NF-κB and AP-1. These activate coactivator molecules such as cAMP response 

element binding protein (CREB), that interact with the pro-inflammatory transcription factors 

bound to specific recognition sequences in the promoter region of inflammatory genes, giving 

rise to acetylation of core histones [1].  

 

Chromatin gives the structural backbone to the chromosomes, with DNA base pairs wound 

around two core histone proteins. Repression and expression of genes has been shown to 

depend on remodeling of core histones mainly through acetylation of lysine residues. Normally 

the DNA is wound tightly around the histones while once acetylated their structure change to 

an opened active form allowing the binding of TATA-box binding protein, which associates 

with RNA polymerase II and initiates transcription of genes [1]. This mechanism is reversible 

by deacetylation of acetylated histones and it is suggested that GC normally reverse it by 

binding the  ligated GR to coactivators in a process mediated by  histone deacetylase-2, that act 

as a corepressor (Figure 2) [1]. 

 

 
Figure 2.  Coactivator proteins like CBP interact with transcription factors like NF-κB leading to acetylation of 

core histones upon which RNA polymeras II can bind and initiate transcription [1]. 

 

Another suggestion is that, at higher GC concentrations, two GR molecules can bind as a 

homodimer to GREs. Most often this leads to increase in transcription of genes like the ones 

encoding anti-inflammatory genes such as IL-10 and IκB-α, by binding of different coactivator 

molecules with histone acetyltransferase, HAT activity, leading to changes in the gene 

transcription by acetylation of core histone (Figure 3). In studies where rats were peripherally 

injected with the glucocorticoid agonist dexamethasone, increased levels of mRNA expression 

of IκB-α in the brain was shown, while this induction was blocked by a glucocorticoid 

antagonist indicating that GC may act as a negative feedback mechanism for controlling the 

pro-inflammatory mediators by induction of IκB-α [20].  

 

Lately, possible negative GRE sites that lead to suppression of genes have also been described 

but these seem to have effect only on a few genes were the ones encoding inflammatory 

proteins are not included [1]. 
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It has also been shown that GC can regulate gene expression at the post-transcriptional level by 

reducing mRNA stability. COX-2 mRNA for example is accessible to the action of 

ribonucleases that degrade mRNA why it is believed that GC might inhibit proteins that 

stabilize mRNA, leading to more rapid breakdown and reduction of inflammatory protein 

expression [1]. 

 

 

 

 

Figure 3. GC-GR complex bind to GRE leading to activation of anti-inflammatory genes encoding e.g. IκB [1] 

 

Why inhibition by GR is selective for inflammatory genes might depend on that GR only binds 

to coactivators activated by pro-inflammatory factors like the NF-κB [1]. Physiological 

concentrations of GC can also under certain circumstances enhance the immune response while 

pharmacological doses generally lead to suppression of the immune system [10]. 

 

 

5. Aim 

 

 

As mentioned earlier one of the proposals for cytokine signaling to the CNS is by binding of 

receptors on the luminal side of the blood vessels in the brain where they trigger the conversion 

of arachidonic acid mediated by COX-2 to prostaglandins like PGE2 during an inflammation 

[8]. At the same time it has been suggested that activated GR has suppressive effect on COX-2 

through inhibition of transcriptional factors like NF-κB [1]. The aim of this study was to 

elucidate if glucocorticoids may negatively regulate immune-to-brain communication by 

inhibition of COX-2 in the endothelial cells. More specifically, our aim was to determine if 

GRs are expressed in the brain endothelial cells expressing COX-2 and thus producing 

prostaglandins in response to immune challenge. Revealing this immune-to-brain signaling 

pathway and the inflammatory suppressive paths gives the possibility of finding new anti-

inflammatory drug targets and developing drugs with less severe side effects than the one 

caused by GCs [14]. 
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6. Methods 

 

 

6.1 Animals 

 

Mice (c57/bl6) were LPS stimulated 3 h by i.p. injection of 100µg/kg LPS, euthanized and 

transcardially perfused with saline followed by 4% paraformaldehyde solution. The brains 

were removed upon which they were post-fixed for 4 hours and transferred to 30% sucrose 

over night. Before the immunostaining the brains were cut in 30µm thick sections on a freezing 

microtome. As control, mice injected with physiologic saline solution, were used.  

 

 

6.2 Immunohistochemistry 

 

Immunohistochemisty is an antigen detecting method often used for detection of proteins in 

tissues where the sliced tissue is incubated with a primary antibody recognizing a specific 

antigen. Visualization can be made in different ways such as with avidin-biotin complex 

(ABC), where the tissue is incubated with a biotinylated secondary antibody able to recognize 

immunoglobulin G (IgG), from the species in which the primary antibody was generated. 

Thereafter, ABC is added and binds to the biotin on the secondary antibody. Finally, a 

chromogen is allowed to react with peroxidase that gives a colored precipitate in the tissue. For 

analysis of co-localization, double-labeling procedures are used. The most widely used 

methodology is to use fluorescent double labeling [8]. For immunofluorescence the secondary 

antibody is most often labeled by a fluorochrome [11].  

 

In our case, GR was labeled with primary polyclonal antibody generated in rabbit (Santa Cruz 

biotechnology; 1:1000). This antibody was detected by a fluorescent Alexa 488 anti rabbit IgG 

(Invitrogen; 1:1000) antibody. Alexa 488 is excited in the FITC region i.e. it excited green 

fluorescence by blue light [11]. COX-2 was labeled in a different fashion with primary COX-2 

goat polyclonal IgG (Santa Cruz; 1:10000) against which a biotinylated α-goat secondary 

antibody was used (Vector; 1:10000). For amplification, ABC (Immunkemi; 1:1000) was used 

followed by tyramide amplification with carbocyanine 3 (Cy 3), (Perkin-Elmer; 1:50). Cy3 is 

excited by green light and gives a red fluorescent color [11]. 

 

The immunohistochemical procedures were made according to a protocol developed in the 

laboratory, (see Appendix III). The main steps of the antibody labeling was incubation in a 

blocksolution to inhibit the non-specific binding of antibodies, incubation in primary antibody  

(GR; 1:1000, COX-2; 1:10000), incubation in hydrogen peroxide (0,3%) to turn down the 

endogenous peroxides activity, incubation in secondary antibody (GR; 1:1000, COX-2; 

1:10000), amplification with ABC-solution and finally incubation in Cy3 (1:50) for 2 minutes. 

Between every step the brain slices were washed repeatedly in phosphate buffered saline PBS. 

The slices were analyzed by confocal microscopy. 
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7. Results 

 

 

Under basal conditions (saline injected animals) we saw GR in many neurons and endothelial 

cells in the brain (Figure 4: A-C). COX-2 was expressed in a few neuronal structures such as 

the hippocampus but was not expressed in the endothelial cells (Figure 4: C). In response to 

LPS COX-2 was strongly induced in the brain endothelial cells (Figure 5: C and F). By 

merging pictures of GR and COX-2 (Figure 5: A and D) from the brain sections of LPS 

stimulated animals it is clearly seen that almost all endothelial cells that express COX-2 also 

express GR.  Also an endogenous expression of COX-2 and GR independent of treatment can 

be seen in the hippocampus (Figure 6: A-C), this labeling can serve as an indication of whether 

the immunostaining has been done properly or not. 

 

 

 
 

Figure 4: Immunohistochemical staining of GR and COX-2 in brain of mouse subjected to saline 

injection. B; GR seen in neurons and briefly in endothelial cells. C; no endothelial cells can be seen 

expressing COX-2. A; merged picture from B and C no colocalization can be seen. Scale bar 50µm. 
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Figure 5: GR is expressed in endothelial cells expressing COX-2 in response to immune 

challenge. B, E; Immunohistochemical staining of GR in the brain of a mouse subjected to 

immune challenge with LPS. Labeling is seen in neurons as well as endothelial cells. C, F; 

COX-2 labeling in the same brain sections. Cells expressing COX-2 are mostly endothelial 

cells of the blood vessels. A, D; merged pictures from B, E and C, F. Colocalization of GR and 

COX-2 can be seen in most COX-2 positive cells. Scale bar 50µm. 

 

  

 

Figure 6: Neuronal expression of GR and COX-2. Immunohistochemical labeling for GR (green) and 

COX-2 (red) can be seen in the hippocampus. This labeling is independent of LPS treatment. Scale bar: 

50µm  

A B C 

E F D 

G G G 

A B C 
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8. Discussion 

 

 

Prostaglandin E2 production in brain endothelial cells is thought to be a critical link for 

triggering central nervous inflammatory responses such as fever while suppression of these 

responses is done through activation of HPA axis and production of glucocorticoids. There are 

earlier results indicating that PGE2 synthesis is taking place in the endothelial cells upon 

immune challenge, based upon an upregulation of COX-2 in cerebral vasculature [3] but here I 

show that the brain endothelial cells in which such prostaglandin synthesis occur, also express 

receptors for glucocorticoids. These results based on immunoflourescent labeling indicate that 

a negative feedback on cerebrovascular prostaglandin production may be one mechanism by 

which glucocorticoids inhibit inflammatory symptoms. 

In order to understand the functional significance of this finding, plenty of work is to be done. 

To determine if glucocorticoids negatively regulate fever by actions in the brain endothelial 

cells, experiments on transgenic mice lacking GR in the BBB could be made. Thus, if our 

hypothesis is correct, mice lacking GR in the brain endothelium should respond to 

inflammation with a more pronounced febrile response, possibly also of longer duration. 

Although we can be quite sure the cells we are studying actually are endothelial cells this still 

needs to be formally proven. Experiments determining the possible colocalization of GR and 

endothelial markers such as the von Willebrand factor in the brain vasculature, is one way to 

provide such evidence. Our preliminary findings, using this approach, show that the vast 

majority of vascular cells expressing COX-2 in response to immune challenge, in our 

experimental setting, indeed are endothelial cells as are numerous of the cells expressing GR. 

Another question along this line is if GR is expressed in all endothelial cells or if GR 

expression is a selective feature of the cells expressing COX-2 upon immune challenge. We 

know that the brain venules constitute  the major endothelial site of COX-2 expression, but we 

have no data indicating if GR is selectively expressed in this part of the vascular tree. Our 

preliminary findings indicate that GR is not expressed in all brain endothelial cells but is also 

not entirely restricted to the COX-2 positive cells.  

Another important question is through which mechanisms GR inhibits cyclooxygenase 

induction in the brain endothelium. Whereas it has been shown that glucocorticoids induce IκB 

in the brain vasculature, more and more data suggest though that IκB is not very important for 

the anti-inflammatory actions of GR. Another possible player in this regard is DUSP-1, an 

inhibitor of the MAPK-pathway. However, nothing has so far been published regarding DUSP-

1 and the brain in the context of inflammatory signaling. The generation of hypotheses for how 

the inhibition may occur is also made difficult by the fact that we do not know through which 

intracellular signaling pathways COX-2 is triggered. It is likely that NFkB is involved but 

MAPK-signaling might also be critical, since it is known for its involvement in numerous of 

the cellular actions, triggered upon extracellular stimuli. Thus, in vivo research on what 

pathways that are activated during inflammatory stimuli and suppressed by glucocorticoids is 

an important future task. 
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One might ask oneself why it is of interest to reveal these signaling pathways when we already 

have effective anti-inflammatory drugs like corticosteroids. Unfortunately though they are very 

effective corticosteroids are also known for numerous of unpleasant side effects.   Revealing of 

these immune-to-brain mechanism would give us a opportunity for finding better drug targets 

and developing anti-inflammatory drugs as effective as GC but less harmful for the patients 

using them during already severe diseases like asthma or multiple sclerosis.   
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Appendix I  

 

 

Immunohistochemical protocol: 

 Primary and secondary antibody is diluted in blocksolution.  

Antibodies for GR (GR-rabbit polyclonal IgG primary (Santa Cruz) and anti-rabbit IgG 

Alexa 488 secondary (Invitrogen)) are diluted 1:1000 and for COX-2 (COX-2 goat 

polyclonal IgG primary (Santa Cruz) and biotinylated anti-goat IgG secondary (Vector) 

1:10 000.  

 Avidine - biotine complex, ABC is diluted  in 1XPBS (Immunkemi; 1:1000) 

 All washing steps with PBS are done none-sterile in 1XPBS (Medicago AB) 

 Antibodies, BSA (Sigma) and ABC are approached sterile.  

 Volume used for the antibody - , block -  and ABC - incubation is 600µl/well 

 

Blocksolution: 1XPBS (tablets, 1 tablet resolved in 1l dH2O; Medicago AB)+ 1% bovine 

serum albumin, BSA (Sigma) + 0,3% Triton (Merck)  

 

E.g. 10 ml blocksolution; 0,1g BSA + 30µl Triton + 1XPBS up to 10 ml. 

 

*suggestion! Working solutions of 1l 1XPBS, 0.5l of PBS – Triton can be made and stored 

until use. From these wanted volumes can be taken for washing and making fresh 

blocksolution by only adding correct amount of BSA depending of number of wells with slices.  

 

E.g. 3ml Triton + 1XPBS up to one liter 

 

DAY 1 

 

1. Prepare blocksolution for the primary step and block. (Blocksolution is inhibiting the 

non-specific binding.) 

 

2. Mark the plastic wells. Wash the slices in 1ml 1XPBS/well for 10 minutes on shake 

(the wells are to be prewashed with distilled water).  

 

3. Move the slices to blocksolution (600µl/well) and incubate on shake for 45 minutes. 

 

4. During the last minutes of incubation dilute the primary antibody in blocksolution to 

wanted concentration. (Total volume/well 600µl, dilution incorrections are not to be 

taken in to account, GR; 1:1000, COX-2; 1:10000.)  

 

5. Move and incubate the slices in primary antibody on shake over night in room 

temperature. (The wells are to be covered to minimize evaporation and contamination.)  
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DAY 2 

 

1. Move the slices to 1ml/well 1XPBS and wash them 3 to 4 times for 10 minutes on 

shake. 

 

2. Make a 0.3% hydrogenperoxide, H2O2 solution the last minutes of incubation. Stock 

solution of  H2O2 is 30% (Apoteket). The slices are to be incubated in 600µl/well of 

0.3% hydrogenperoxide, (100 times dilution, dilution incorrections not taken in to 

account).  

 

3. Incubate in 0.3% H2O2 for 30 minutes (this will supress the endogen peroxidase 

activity). 

 

4. Wash in 1ml 1XPBS 3 times for 10 minutes or until the bubbles are gone. 

 

5. Prepare the secondary antibodies in blocksolution to a wanted concentration during the 

last incubation (Total volume/well 600µl, dilution incorrections are not to be taken in to 

account, GR; 1:1000, COX-2; 1:10000). COX-2 secondary antibody is biotinylated 

while the secondary antibody for GR is fluorescent Alexa 488. 

 

6. Incubate in secondary antibodies for 2 hours. 

 

7. Prepare ABC - solution (Avidine –biotine complex). Working concentration is 1:1000 

for both A and B. Dilute in 1XPBS at least 30 min before use (Volume 600 µl/ well). 

 

8. Wash the slices in 1XPBS 2 times for 20 minutes on shake. 

 

9. Incubate in ABC – solution for 2 hours for better amplification of the stain. 

 

10. Wash the slices in 1XPBS 2 times for 10 minutes and then incubate them in Cy 5 

(working solution concentration 1:50; TSA Plus Cyanine Fluorescein System, Perkin-

Elmer) for 2 min. Shorter or longer incubation has shown to give either weak staining 

or to much background. The slices are to be fixated on glass directly after staining on 

Super Frost plus glass (Thermo Scientific) with “Vectastain hard set mounting 

medium” (Vector). 

 

 

 

 

 

 


