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Summary

Hypothalamic-pituitary-adrenal (HPA) axis function is regulated via negative feedback actions of glucocorticoids at the level of the pituitary, the hypothalamus as well as limbic structures such as the hippocampus and amygdala. Glucocorticoids exert their effects by binding to the glucocorticoid receptor (GR) and/or mineralocorticoid receptor (MR) and subsequent up- or downregulation of GR and MR target genes. The bioactivity of glucocorticoids is tissue-specific and depends both on local GR expression and 11β-hydroxysteroid dehydrogenase activity (11β-HSD). 11β-HSD interconverts glucocorticoids between biologically active cortisol and inactive cortisone. Inhibition of 11β-HSD activity decreases corticotrophin-releasing-hormone (CRH) release from the hypothalamus into the hypophysial portal blood, suggesting that hypothalamic 11β-HSD is involved in the regulation of the HPA axis. Two types of 11β-HSD have been characterized. 11β-HSD1 has predominantly reductase activitity in vivo, whereas 11β-HSD2 has dehydrogenase activity. Thus, 11β-HSD1 increases local bioavailability of cortisol whereas 11β-HSD2 inactivates cortisol into cortisone. The reductase activity of 11β-HSD1 is NADPH-dependent.The expression and distribution of 11β-HSD1 and 11β-HSD2 in the human hypothalamus has not been reported to date. 

In this study we characterized the neuroanatomical distribution of 11β-HSD in paraffin-embedded hypothalamic and pituitary tissue of 12 control patients (7 male, 5 female) using immunocytochemistry. The brain tissue was obtained from the Netherlands Brain Bank. The antibodies were tested on specificity in both tissues. In addition, we studied co-localisation of 11β-HSD with vasopressin (AVP), CRH, thyrotrophin-releasing hormone (TRH) and oxytocin (OXT) expressing neurons in the paraventricular nucleus of the hypothalamus. In the pituitary we confirmed co-localization found by Korbonits et al
. This study suggest that 11β-HSD1 found in the hypothalamus can be of major importance in regulating glucocorticoid function; in particular, it would act to increase cortisol levels in the region of the glucocorticoid receptor (GR), thus increasing the functional feedback of the HPA-axis.
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1.1 Introduction

Glucocorticoid hormones play a major role in maintaining homeostasis, by influencing many organs of the body including the brain. Many neural pathways are modified by glucocorticoids,

and target genes include neurotransmitter synthesis enzymes, receptors as well as enzymes involved in calcium activation and ion channels (e.g. K+ channels). Both too high and too low levels of glucocorticoids are harmful to the homeostasis of the body, causing life-threatening abnormalities in vital functions such as blood pressure regulation and fuel metabolism. Normally glucocorticoid levels are strictly controlled by a negative feedback action of glucocorticoids on the hypothalamo-pituitary-adrenal (HPA) axis.
1.2 HPA-axis

[image: image2.jpg]Fig. 4: Immunocytochemlstry of 11pB- HSD type 2. Pictures taken from four nucle1 in the hypothala-
mus of patients #98024 (PVN,SON), #97156 (LHA), #98072 (INF); paraventricular, supraoptic,
infundibular nucleus and lateral hypothlamic area. Scale bars represent 250 pm. 3V; third ventricle,
fx; fornix. Magnification: background; 10x, enlarged; 63x.




The HPA-axis is an important neuro-endocrine system, activated in reaction to physical or psychological stressors and responsible for the basal “fight or flight” response. The starting point of the HPA-axis are the neurons producing corticotrophin-releasing hormone (CRH) in the paraventricular nucleus(PVN). A high density of CRH neurons are localized especially in the central and caudal parts of the human PVN.(1)
In response to stress, the PVN is stimulated to produce CRH. CRH travels via the portal circulatory system to the anterior pituitary and activates the release of adrenocorticotropic hormone (ACTH) from the anterior pituitary gland. Some of the CRH neurons co-express vasopressin (AVP), which potentates the CRH effect on the release of ACTH. ACTH is secreted into the systemic circulation and in turn activates the adrenal cortex to release glucocorticoids, mainly cortisol in human, into the bloodstream. Cortisol has many differential effects in various organ systems, and it also affects behavior via the central nervous system. It acts on various brain regions including the hypothalamus, pituitary, hippocampus, amygdala and septal region, and confers a negative feedback action on the CRH neurons in the PVN. (Fig. 1)
1.3 Cortisol

Cortisol performs vital tasks in the body. It acts through specific intracellular receptors and helps maintain blood pressure and cardiovascular function, reduces the immune system's inflammatory response, balances the effects of insulin in breaking down sugar for energy, regulates the metabolism of proteins, carbohydrates, and fats, and affects bone metabolism.
[image: image3.jpg]Fig. 3: Immunocytochemistry of 113-HSD type
1. Pictures taken from three nulcei of patient
#97156 stained with 113-HSD type 1; the supra-
optic, paraventricular and infundibular nucleus.
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Disturbances in cortisol concentrations in the circulation can be found in many conditions, e.g.:
· Cushing’s syndrome

· Adrenal insufficiency (adrenal hypoplasia, Addison’s disease)

· Depression, alcoholism, malnutrition and panic disorder

· Trained athletes
In Cushing’s syndrome the continuously high cortisol levels cause symptoms. This may be due to the hypersecretion of cortisol  caused by an ACTH producing tumor in the pituitary or to a cortisol producing tumor in the adrenal glands. In other pathologies (depression, alcoholism ect.) cortisol levels are is found elevated and could be an indirect cause. Recently, a new dimension has been added to the regulation of cortisol bioavailability with the discovery of  the enzymes responsible for the activation from cortisone to cortisol, and for the  inactivation from cortisol to cortisone, respectively, i.e., the enzymes 11β-hydroxysteroid dehydrogenase type 1 and 2
1.4 Cortisol shuttle: 11β-Hydroxysteroid dehydrogenases

11β-Hydroxysteroid dehydrogenases (11β-HSDs) are enzymes that metabolise glucocorticoids and hence regulate the intracellular levels of steroids available to activate corticosteroid receptors. There are two isozymes, 11β-HSD type 1 and type 2, which in most tissues and conditions drive the enzyme reaction in opposite directions (Fig. 2). Although both enzymes control the interconversion of biologically active 11-hydroxy-glucocorticoids (cortisol in humans and corticosterone in rodents) to their inactive 11-keto forms (cortisone in humans and 11-deyhydrocortisone in rodents), they only share a 21% homology and have entirely different functions, substrate affinities and tissue distribution (Table 1). 11β-HSD2 inactivates glucocorticoids to produce 11-dehydrocorticosterone (11-DHC), or cortisone in humans. 11β-HSD2 acts solely as a dehydrogenase (unidirectional) with physiological corticosteroids, it uses NAD+ as a co-factor, and has a low Km for corticosterone and is highly expressed in classical aldosterone-selective target tissues (distal nephron, colon, sweat glands) (2;3). 11β-HSD1, however, is bidirectional in vitro but generally acts as a reductase, regenerating corticosterone and cortisol from their inactive 11-keto forms in vivo or in intact cells. 11β-HSD1 uses NADPH as co-factor, and acts as a low affinity, high capacity enzyme with a general distribution of many metabolically active tissues in the body, notably in liver, adipose tissue, bone, the gonads (in some species) and the brain (4;5). 11β-HSD1 is the sole 11β-reductase in the rodent as infusion of 11-DHC in adrenalectomised 11β-HSD1-null mice did not produce any glucocorticoid activity, nor did they have detectable circulating corticosterone (6)
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Fig. 7 Immunocytochemlcal staining 11 B- HSDl and 2 in the human pituitary. Arrows show 11-B- HSDI endocrlne (large nucleus excentrally
lain) cells and folliculostellate (small, surround cappillaries) cells, 11-B-HSD2; encodrine cells. Magmﬁcatlon. 63x.
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	Table 1. Comparison of 11β-hydroxysteroid dehydrogenase (11β-HSD) isoenzymes.

	 
	11β-HSD1
	 11β-HSD2

	Gene
	
	

	  Chromosome
	1
	16

	  Gene size  
	30 kb (6 exons)
	6.2 kb (5 exons)

	Enzyme
	
	

	  Size 
	292 aa, 34 kDa 
	405 aa, 44 kDa

	  Co-factor  
	NADP+/NADPH
	NAD+/NADH

	  Kinetics
	In vivo: oxidoreductase
	Dehydrogenase

	
	(in vitro: bidirectional)
	

	  Km 
	μM (low substrate affinity)
	nM (high substrate affinity)

	Expression pattern 
	Liver, adipose, lung, gonads, brain 
	Kidney, colon, salivary gland, placenta

	Function 
	Tissue specific modulation of
	Protection of MR from glucocorticoids to

	
	cortisol concentrations
	ensure aldosterone selectivity

	
	
	

	aa, amino acids; kDa, kilo Dalton; kb, kilo bases; MR, mineralocorticoid receptor; NAD, nicotinamide

	adenine dinucleotide; NADH, reduced nicotinamide adenine dinucleotide; NADP, nicotinamide adenine

	dinucleotide phosphate; NADPH, reduced nicotinamide adenine dinucleotide phosphate.


1.5 11β-HSD1/2 and HPA axis regulation

11β-HSD1 and 11β-HSD2 expression has been reported to occur within the anterior pituitary gland perhaps modulating glucocorticoid feedback at an autocrine level. Korbonits et al.7 speculated that this may be deranged in Cushing disease. 11β-HSD1 and 11β-HSD2 immunoreactive protein was detected using fluorescence immunohistochemistry. In the normal human pituitary, positive staining for 11β-HSD1-immunoreactive protein was observed in GH- and PRL-secreting cells and in folliculo-stellate cells; gonadotrophs, thyrotrophs, and ACTH-positive cells were negative. 11β-HSD2 immunoreactivity was absent in all cell types. RT-PCR detected 11β-HSD1 mRNA expression in the normal pituitary; 11β-HSD2 mRNA expression was also detected in most normal tissue. By contrast, in ACTH-secreting adenomas 11β-HSD2 immunostaining was strongly positive in every case of corticotroph adenoma. 11β-HSD1 immunoreactivity was also observed occasionally, but to a much lesser extent. The authors concluded that expression of 11β-HSD1, which generates cortisol from cortisone, in somatotrophs and lactotrophs suggests an autocrine role for this isoenzyme in the glucocorticoid regulation of pituitary GH and PRL secretion. They also concluded that 11β-HSD2 expression is markedly induced in ACTH-secreting pituitary tumors and, by converting cortisol to cortisone, may explain the resetting of glucocorticoid feedback control in Cushing disease.

1.6 Aim and Approach
While sparse data are present on expression of 11β-HSD type 1 and 2 in the human anterior pituitary gland, the expression and distribution of 11β-HSD1 and 11β-HSD2 in the human hypothalamus had not been reported to date. The aim of the present study was to characterize the neuroanatomical distribution of 11β-HSD type 1 and 2 in the hypothalamus and anterior pituitary using specific antisera (Korbonits et al. 2001) for immunocytochemistry in paraffin sections. Brain material for immunocytochemistry will be obtained from the Netherlands Brain Bank and has been used for similar techniques in earlier projects.
Specific aims:
· To study the distribution of 11βHSD type 1 and 2 in the human hypothalamus, as well as their possible co-localization with vasopressin, oxytocin, CRH and TRH expressing in the PVN, by using double immunofluorescent labelling and combined immunocytochemistry with in situ hybridization.
· To study the distribution of 11βHSD type 1 and 2 in the human anterior pituitary, as well as their possible co-localisation with HLA expressing endocrine cells, by using double immunofluorescent labelling.
· To perform western blots of unfixed, snap frozen human pituitary and hypothalamus tissue to confirm specificity of the antibodies used in the immunocytochemical procedure.
2 Materials and Methods

Histology

Six formalin fixed and paraffin embedded human hypothalami and six human pituitaries were obtained from the Netherlands brain Bank at the Netherlands Institute for Neuroscience (NIN) in accordance with the formal permission for a brain autopsy and the use of human brain material and clinical information for research purposes. Clinico-pathological data of the patients are summarized in Table 1. From the hypothalamus, serial coronal sections (6 μm) were made from the level of the lamina terminalis to the mamillary bodies and mounted on 2% AAS (aminoalkylsilane in acetone) coated Superfrost slides (Menzel Gläser, Germany). Sections were dried for at least two nights at 37 °C. Every 100th section was mounted on a coated slide and stained with 1%(w/v) thionin (in aquadest) for orientation. 
11β-HSD antibodies

Antihuman 11β-HSD type 1 and type 2 antibodies, raised in sheep, were kindly provided as a gift by Prof. Paul M Stewart at University of Birmingham, UK. Characteristics and specifitiy on Western blots of the antibodies against 11β-HSD1 and 2 have been described before (8;9)
Immunocytochemistry (single staining)
Six control patients (patients without any primary neurological or psychiatric disease) were used for studying the distribution of 11β-HSD type 1 and 2  throughout the human hypothalamus (Table 2). Two adjacent sections were collected and mounted at each level. Levels were separated by 100 sections from rostral to caudal. Every 100th and its adjacent section were stained with anti-11β-HSD type 1 and 2 respectively. 11β-HSD type 1 and 2 were stained according to the ABC method (10). For type 1 a pre-incubation and incubation in 5%(w/v) milk (Elk) was performed to block non-specific binding (11). Sections were stained as follows: Sections were deparaffinized in xylene (2x10 min) and rehydrated through graded ethanol series (100-90-..-50%). After rinsing in aqua dest and washing in Tris Buffered Salt (TBS; 0.05M Tris, 0.15M NaCl, pH 7.6; 2x10 min), the sections for 11β-HSD2 staining were incubated with the first antibody, diluted 1:200 in supermix (SUMI; 0.05M Tris, 0.15M NaCl, 0.25%(w/v) gelatine, 0.5%(v/v) Triton, pH7.6) for 1h at room temperature (RT) followed by an incubation overnight (o/n) at 4 °C. The sections for 11β-HSD1 staining were pre-incubated in 5%(w/v) milk-TBS (Elk Milk powder, Campina, The Netherlands) for 1 h at RT. Subsequently, sections were incubated in first antibody, diluted 1:2000 in 5% milk-SUMI for 1h at RT followed by an incubation o/n at 4 °C. 

The next day the sections were rinsed in TBS (2x10 min) and incubated for 1h at RT in biotinylated rabbit-anti-sheep IgG serum 1:400 in SUMI. After rinsing in TBS (2x10 min) the sections were incubated in ABC (Vector Laboratories, USA) 1:800 in SUMI for 1h at RT and subsequently rinsed in TBS (2x10 min). Finally sections were incubated in 0.5 mg/ml 3,3’-diaminobezidine (DAB, Sigma) in TBS containing 0.2%(w/v) ammonium nickel sulphate (BDH, Brunschwig, Amsterdam, The Netherlands) and 0.01%(v/v) H2O2 (Merck, Darmstadt, Germany) for approximately 10 min. The reaction was stopped in aqua dest. The sections were dehydrated in a graded ethanol series, cleared in xylene and cover-slipped using Entellan (Merck, Darmstadt, Germany).

Pituitary tissue was stained in a similar way as hypothalamus tissue. Sections of anterior pituitary of six patients were stained. The levels of the paraffin embedded sections did not matter as the anterior pituitary exists of the same cells throughout the whole tissue. 
Immunocytochemistry for  co-localization (double fluorescent staining)

For the study co-localization of 11β-HSD2 with human leukocyte antigen (HLA) in the human pituitary, double fluorescent immunocytochemistry was performed. Sections of paraffin embedded pituitary from 6 patients were mounted, deparaffinized and rehydrated as described above. The sections were microwaved at 700W in TBS and incubated with 11β-HSD2 and HLA (mouse-anti-human HLA, Dako, nr. M0775)  antibodies diluted in SUMI (resp. 1:50, 1:20) for 1hr at RT followed by an incubation o/n at 4 °C. The next day the sections were rinsed in TBS (2x10 min) and incubated with rabbit-anti-sheep antibody in SUMI (1:400) for 1 hr at RT, rinsed with TBS (2x10 min) and incubated with ABC complex in SUMI (1:800) for 1 hr at RT, rinsed again with TBS (2x10 min), incubated with donkey-anti-mouse conjugated to Cy2 and with Streptavidine-Cy3 in SUMI (resp. 1:50, 1:500) for 1 hr at RT followed by incubation o/n at 4 °C in the dark. The sections were then rinsed in water and coverslipped with Mowiol. Sections were immediatly analyzed and photographed by a confocal laser scanning microscope (CLSM 410, Zeiss). Detection of the two dyes was at 488nm for Cy2 and at 543nm for Cy3. 

Co-localization of 11β-HSD1 with corticotropin-releasing-hormone (CRH), vasopressin (AVP) and oxyctocin (OXT) in the human hypothalamus was done in a similar way as with 11β-HSD2 in the pituitary, exept for the microwave step. The antibodies that were used were: CRH: first antibody was rat monoclonal anti-human CRH ‘PFU 83’ 1:10000 (12) and donkey-anti-rat conjugated to Cy2 1:50(Jackson Immunoresearch, nr. 712001003). OXT: mouse monoclonal anti-human OXT 1:100 (13) and donkey-anti-mouse-Cy2 (DαM) (Jackson Immunoresearch, nr. 715001003) 1:50. AVP: mouse monoclonal anti-human AVP 1:50(‘Truus’,13) and DαM -Cy2 1:50.

Co-localization of 11β-HSD2 with CRH, AVP and OXT in the hypothalamus was tried in a similar way as type 1, but different pretreatments were tested to try to retrieve the antigen. These pre-treatments were: proteinase K pre-treatment or microwave pre-treatment (10 min at 700W) in different buffers; TBS (pH 7.6), HCl-Tris buffer (pH 9.0) and citric acid- sodium citrate buffer (pH 4.0). Proteinase K pre-treatment was performed after rehydration as follows; slides were washed with 0.2N HCl (in aquadest) solution for 20 min. The slides were then rinsed in phosphate buffered saline (1x PBS) 2x5 min. Then the slides were deproteinated in a 2 μg/ml prot. K solution (prot. K added to prot. K buffer) at 37 °C for 15 min. The slides were rinsed in glycine buffer for 30 sec and washed in 2x 30 sec in PBS. After the different pre-treatments 11β-HSD2 diluted in SUMI (1:10), and one of the hormone antigens (CRH,AVP,OXT) were incubated in similar way as above. After ABC incubation the staining intensity was amplified using biotinylated tyramide (1:750 in 0.1%H2O2-TBS for 30 min, kindly provided by Inge Huitinga, Netherlands Institute for Neurosciences, Amsterdam).

Double-labelling by immunocytochemistry and in situ hybridization

To investigate 11β-HSD isoform co-localization with TRH in the paraventricular nucleus (PVN), in situ hybridization for TRH mRNA was performed on hypothalamus sections before and after immunocytochemical staining with 11β-HSD antibodies and compare to adjacent sections that were single labelled for TRH mRNA or 11β-HSD1 and 2 respectively. Three patients were studied (#98081, #97156, #94039)(Table 2), one of the patients (#98081) has been used before by Alkemade et al.(14). Sections containing the PVN were stained using immunocytochemistry for 11β-HSD1 and 2 under RNase free conditions. DAB was used for visualization, but without adding ammonium nickel sulphate. After immunocytochemistry, in situ hybridization was performed for TRH mRNA. The procedure for in situ hybridization has been described earlier (15). Autoradiographic detection  was performed by dipping slides into a NTB2 autoradiographic emulsion (Kodak,CAT 1654433) at 42 °C, dried for 1 hr at RT and stored for 3 weeks in the dark at 4°C. After that the slides were developed in Dektol (Kodak, CAT 1464726) for 2 min at 15°C. Rinsed 10 sec in aqua dest at 15°C and then fixed in fixer (Kodak) for 5 min. The slides were rinsed in running tap water, counterstained with 1%(w/v) thionin (in aqua dest) and coverslipped with Entellan.
Westernblotting

Westernblotting was performed on extracts of human pituitary and median eminence (ME) of the human hypothalamus. Choroid plexus was also used because it showed expression of 11β-HSD in our single antigen stainings. Two patients were studied for each tissue (Table 2).15 to 20, 50 μm slices were cut from -80°C pituitary and ME tissue at -18°C using a cryostate (Leica, CM1850). From -80°C choroid plexus tissue 2 mm3 was cut with a razorblade at -18°C. The tissues were separately suspended in suspensionbuffer (0.1M NaCl, 0.01M Tris, 0.001M EDTA, 100 μg/ml PMSF, 10 μg/ml leupeptine) with an ultra-turrax for 30 sec/1 min, centrifuged for 1 min at 4°C 14000rpm and stored at -20°C. 15 μl samples were mixed 1:1 with loadingbuffer (900 μl 2x SDS loadingbuffer, 100 μl 2M DTT, 5 μl broomphenolblue) and denatured for 5 min at 90°C. Samples were loaded on a 7.5% stacking/running gel (15 μl/slot) and run at 30 mA, 250V and 250 Watt, until stacked and than at 50 mA for 45 min. 5 μl marker (Multimark, Invitrogen lot nr. 1321758) was used as marker. The gels were blotted to nitrocellulose sheets (BA85, Schleicher & Schuell, Germany) for 1 hour at 100 mA, 25V, 250W for each gel on a semi-dry transfer blotter (BIORAD, trans-blot SD) between 2 filterpapers (BIORAD) soaked in Towbinbuffer (25mM Tris, 38mM Glycine, 20%v/v methanol). The blots were washed in TBS-T (TBS, 0.1% v/v Tween-20) for 10 min and than incubated with first antibody in SUMI (11β-HSD1 1:4000, 11β-HSD2 1:800) in a sealed plastic bag o/n at 4°C, the blots that were stained with 11β-HSD2 were first blocked with 1% milk (Elk) TBS-T. The next day the blots were washed in TBS-T (3x10min) and incubated with second antibody in SUMI (rabbit-anti-sheep 1:400) for 1 hr at RT. Washed with TBS-T (3x10min) and incubated with fluorescent antibody Streptavidine-Cy5 (1:1000, Jackson Immunoresearch, nr. 016170084) for 1hr at RT in the dark. Washed with TBS-T (3x10min) in the dark and 10min in Milli-Q water. The blots were than scanned with a fluorescence scanner (Li-cor Odyssey, Westburg) at wavelength 700nm. As a negative control the same protein samples were run and blotted in the same run, and incubated in a similar way, except that the incubation in the first antibody was omitted.
Microscopical analysis

For the microscopical analysis of the single and double immunocytochemical stainings of the hypothalamus a number of nuclei were selected that showed expression of 11β-HSD. To identify the different hypothalamic nuclei, thionin, vasopressin and neuropeptide Y stained sections of the patients were used for orientation.  The paraventricular nucleus (PVN), supraoptic nucleus (SON), infundibular nucleus (INF), suprachiasmatic nucleus (SCN), nucleus basalis of Meynert (NBM), lateral tuberal nucleus (NTL), tuberomammilar nucleus (TMN) and the lateral hypotalamic area (LHA) were studied. Neurons in these nuclei were judged on the following criteria: unipolar or bipolar shape, presence of a nucleus, nucleolus, and a clear positive staining (distinguishable from the background). For the distribution study a light microcope (Zeiss) with 2.5, 10, 25, 40 and 63x objectives was used. The neurons found in the single stainings were counted (scored) and judged on intensity of staining and catagorized as follows: - ; the absence of positive stained neurons, +/- ; few /light positively stained neurons, + ; most neurons clearly positively stained, ++ ; strong clear positively stained neurons. The fluorescent labelled sections were studied and analysed by a confocal laser scanning microscope (CLSM 410, Zeiss). Detection of the two dyes was at 488nm for Cy2 and at 543nm for Cy3, resulting in a bright red color for neurons expressing 11β-HSD, a bright green color for the different peptides studied (CRH, AVP, OXT and HLA) and yellow stained neurons whenever they showed colocalization of  11β-HSD  and other peptide that was studied. In the double (co-localization) stainings the same criteria for positive neurons were used.
	Table 2 Clinicopathalogical data of patients
	

	subject no.
	sex
	age
	PMD
	fix
	area studied
	cause of death, clinical diagnoses

	NBB
	 
	(years)
	(hours)
	(days)
	 
	 

	96006
	M
	86
	3
	31
	pituitary
	influenza, Alzheimer's disease, cachexia

	96009
	F
	90
	7
	31
	pituitary
	bronchopneumonia, Alzheimer's disease, heart failure, hypothyroidism

	95101
	F
	73
	6
	31
	pituitary
	cardiac failure, type II diabetes, heart failure, angina pectoris

	95102
	M
	53
	10
	31
	pituitary
	circulatory failure,  unsuccesful resuscitation, cardiac tamponnade, coma

	96075
	M
	76
	6
	ND
	pituitary
	heartfailure, pulmonary embolism, Alzheimer's disease

	96082
	M
	74
	8
	ND
	pituitary
	e.c.i., Parkinson's disease

	 
	 
	 
	 
	 
	 
	 

	96081
	F
	61
	5
	28
	hypothalamus
	medication stopped, coma, glioblastoma multiforme, leftparietal

	97066
	M
	55
	5
	27
	hypothalamus
	HIV, Hodgkin's disease, homosexual, acalculous cholecytitis, cachexia

	98024
	F
	49
	16
	31
	hypothalamus
	cardial problem, myelodysplastic syndrome

	97156
	F
	77
	2
	47
	hypothalamus
	septic shock, icterus, metastasized pancreas carcinoma, sepsis

	98072
	M
	79
	17
	31
	hypothalamus
	hemorrhage in the brain stem, generalized atherosclerosis, with moderate 

	 
	 
	 
	 
	 
	 
	renal failure, diverticulosis coli

	94039
	M
	78
	ND
	88
	hypothalamus
	electromechanical dissociation durign heart catheterization,  ischeamic heart 

	 
	 
	 
	 
	 
	 
	disease, recent myocardial infarction

	99046
	F
	89
	5
	36
	hypothalamus
	probable acute myocardial infarction, decompensatio cordis, severe left-sided 

	
	
	
	
	
	
	cariac failure based on mitral valve insufficiency and coronary sclerosis

	Westernblot data
	 
	 
	 
	 

	S00/080
	F
	95
	ND
	-80°C
	pituitary
	Alzheimer's disease

	S00/086
	F
	92
	ND
	-80°C
	pituitary
	Alzheimer's disease

	S00/080
	F
	95
	ND
	-80°C
	median eminence
	Alzheimer's disease

	S00/069
	F
	82
	ND
	-80°C
	median eminence
	Alzheimer's disease

	S00/080
	F
	95
	ND
	-80°C
	choroid plexus
	Alzheimer's disease

	S00/057
	F
	77
	ND
	-80°C
	choroid plexus
	Non-demented control

	
	
	
	
	
	
	

	NBB; Netherlands Brain Bank number, PMD; post-mortem delay, fix; fixation time, ND; no data


3 Results

Hypothalamus, single staining
We found 11β-HSD1/2 immunoreactivity in several hypothalamic nuclei. Positive staining was found in neurons of different sizes and also the intensity of the staining showed a heterogeneic pattern, strongly suggesting a specific staining pattern.

From rostral to caudal, the different hypothalamic nuclei were scored for number of positive neurons relative to the total number of neurons in that nucleus and in addition the intensity of staining was. We found that 11β-HSD1/2 were expressed in at least eight of hypothalamic nuclei; most prominent in the PVN and the SON, but also in the INF, SCN, NBM, NTL, TMN and the LHA (only 11β-HSD2 in one of the patients). In table 3 the scores are shown. 

	subject # 97066
	
	
	
	
	subject # 98024
	
	
	

	 
	11β-HSD-1
	11β-HSD-2
	
	 
	11β-HSD-1
	11β-HSD-2

	 
	score
	intensity
	score
	intensity
	
	 
	score
	intensity
	score
	intensity

	NBM
	+/-
	+/-
	+
	+
	
	NBM
	+
	+/-
	-
	-

	SCN
	+
	+/-
	+
	+/-
	
	SCN
	+/-
	+/-
	+
	+

	SON
	+/-
	+/-
	+/-
	+/-
	
	SON
	+
	++
	+
	++

	PVN
	+/-
	+/-
	+/-
	+/-
	
	PVN
	+
	+
	+/-
	+/-

	INF
	+/-
	-
	+/-
	+/-
	
	INF
	+
	+
	-
	-


	NTL
	+/-
	+/-
	+/-
	+/-
	
	NTL
	++
	++
	++
	++

	TMN
	+
	+/-
	+/-
	+/-
	
	TMN
	+
	+
	+
	+

	overall
	
	-
	
	+/-
	
	overall
	
	+
	
	+

	
	
	
	
	
	
	
	
	
	
	

	subject # 94039
	
	
	
	
	subject # 97156
	
	
	

	 
	11β-HSD-1
	11β-HSD-2
	
	 
	11β-HSD-1
	11β-HSD-2

	 
	score
	intensity
	score
	intensity
	
	 
	score
	intensity
	score
	intensity

	NBM
	++
	+
	-
	-
	
	NBM
	++
	+
	+
	+/-

	SCN
	+
	+/-
	-
	-
	
	SCN
	++
	++
	+/-
	+

	SON
	++
	++
	+/-
	+/-
	
	SON
	++
	++
	+
	+

	PVN
	++
	++
	+
	+
	
	PVN
	++
	+++
	++
	+

	INF
	++
	+
	-
	-
	
	INF
	++
	++
	-
	-

	NTL
	++
	+
	-
	-
	
	NTL
	+
	+
	++
	+/-

	TMN
	++
	+
	-
	-
	
	TMN
	+/-
	+/-
	+
	++

	overall
	
	+
	
	-
	
	LHA
	
	
	+
	++

	
	
	
	
	
	
	overall
	
	++
	
	+/-

	
	
	
	
	
	
	
	
	
	
	

	subject # 98072
	
	
	
	
	subject # 99046
	
	
	

	 
	11β-HSD-1
	11β-HSD-2
	
	 
	11β-HSD-1
	11β-HSD-2

	 
	score
	intensity
	score
	intensity
	
	 
	score
	intensity
	score
	intensity

	NBM
	
	
	+/-
	+/-
	
	NBM
	++
	+
	+
	+

	SCN
	
	
	+
	+
	
	SCN
	+
	+
	+
	+

	SON
	
	
	+
	+
	
	SON
	+
	++
	+
	+/-

	PVN
	
	
	++
	++
	
	PVN
	+
	+
	++
	+

	INF
	
	
	+
	+
	
	INF
	+
	+
	-
	-

	NTL
	
	
	+
	+
	
	NTL
	-
	-
	-
	-

	TMN
	
	
	+
	+
	
	TMN
	+
	+/-
	-
	-

	overall
	
	--
	
	-
	
	overall
	
	+
	
	+/-

	
	
	
	
	
	
	
	
	
	
	

	Tabel 3: Single staining scores. Cells were counted (score) and judged on intensity (see criteria materials & methods; microscopical analysis) of specific signal per patient and per nuclei. Abbreviations: subject # = Netherlands Brain Bank number, INF; infundibular nucleus, LHA; lateral hypothalamic area, NBM; nucleus basalis of Meynert, NTL; lateral tuberal nucleus, PVN; paraventricular nucleus, SCN; suprachiasmatic nucleus, SON; supraoptic nucleus, TMN; tuberomammilary nucleus.


11β-HSD type 1

The overall the intensity of both antigens (type 1 and 2) differed between patients. In one patient (#98072) we could not find any expression of 11β-HSD1 and in another (#97066) the signal was low in both 11β-HSD1/2. In the PVN 11β-HSD1 was located in parvocellular and magnocellular neurons (fig. 3).The SON had similar results as the PVN; it showed expression in large (probably AVP or OXT containing) and small (probably containing CRH or TRH) neurons. In the SCN we found that type 1 was also expressed. In 5 of the patients expression of 11β-HSD1 in the other nuclei (NBM, NTL, TMN) differed strongly between patients. 

11β-HSD type 2
We found 11β-HSD2 to be expressed at a lower level in the hypothalamus compared to 11β-HSD1 and the stainings for this antigen showed a lower signal to noise ration than type 1, but still at an acceptable level. In the PVN 11β-HSD2 was located mostly in small neurons (fig. 4). The SON had similar results as the PVN. In one of the patients (#98072) 11β-HSD2 showed expression in the INF and in another (#97156) we found only a few, but very strongly positive neurons in the LHA. In all the patients the other nuclei (NBM, NTL, TMN, SCN) differed in 11β-HSD2 expression between patients.

Hypothalamus co-localization of CRH, AVP, OXT and TRH with 11β-HSD subtypes
In the double fluorescent stainings for 11β-HSD1  and CRH, AVP and OXT respectively, we found the presence of  yellow stained cells, next to red and green stained neurons, suggesting that a part, but not all of the CRH, AVP and OXT neurons show co-expression of 11β-HSD1 .We found co-localisation with all three hormones in 4 out of 6 patients. (Fig. 5) The presence of yellow staining strongly suggest colocalisation rather than overlay of the two dyes, because of the section thickness of 6μm. 11β-HSD2 could not be detected in the fluorescent immunocytochemical stainings, despite the several antigen retrieval techniques that were performed on all of the patients. None of the pretreatments resulted in a staining pattern, that was comparable to the results, that we found with the immunocytochemical staining procedure, using DAB as a chromogen. Although the use of more concentrated antibody in the first incubation, resulted in staining of small neurons in the PVN, it seemed that it also resulted in a high non-specific background staining. Overall, we could not find a protocol for fluorescent staining of 11β-HSD2 that resulted in a specific staining pattern with an acceptable signal to noise ratio.
The combined immunocytochemistry with in situ hybridization for co-localization of 11β-HSD  with TRH resulted in a to high signal to noise ratio to interpret the sections. This showed us that the incubation time of 3 weeks with the autoradiographic emulsion was to long. Halving this time could solve this problem. The post hybridization washes seemed to wash away most of the immunocytochemical staining of 11β-HSD and performing immunocytochemical after in situ hybridization did not give a better result. This procedure will have to be done again but with shorter exposure time.
Pituitary 11β-HSD type 1
Single stainings type 1 was found in both hormone producing (large groups of cells lain in the anterior pituitary, with a lot of cytoplasm and a big excentrally lain nucleus) and in folliculo-stellate cells (spindle-shaped cells surroundig small capillaries or lying inbetween hormone producing cells)(fig. 7). In double fluorescent stainings 11β-HSD1 showed the same problem as type 2 in the hypothalamus, no staining was seen, even when several antigen retrieval procedures were done.

Pituitary 11β-HSD type 2
Type 2 was only found in hormone producing cells in the anterior pituitary. (Fig. 7) We found co-localization with HLA in 2 of the patients. 
Specificity of the antibodies

At the expected height (11β-HSD1: 34 kD, 11β-HSD2: 44 kD) we could see clear bands in the median eminence and choroid plexus. (Fig. 6) The negative controls show that the second antibody (rabbit-anti-sheep IgG) or the fluorophor (Strepavidin-Cy5) itself shows a high background staining. There were also a band seen (lower band choroid plexus, 11β-HSD2) that was not in the negative control and on the same height as 11β-HSD1. This could be cross reactivity of the 11β-HSD2 antibody.
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Fig. 6: Western blot.of human pituitary, choroid plexus and median eminence of the hypothalamus using 11B-HSDI and II antisera resulting in the
bands of the expected molecular weight (type I: 34 kD, type II: 44 kD). Negative controles were only incubated with second antibody (rabbit-anti-
sheep). Arrows indicate 11B-HSDI or II. Abbreviations: 11B-HSD UII; 11Beta- Hydroxysteroid Dehydrogenase type 1/2, ab; antibody, P:pituitary,
cp:choroid plexus, ME:median eminence, CP:control P, Cep;control cp, CME; control ME, kD; kilo Dalton, SUMI; supermix.
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Discussion

Although expression differed between patients, we found that 11β-HSD1/2 is distributed throughout the hypothalamus (in PVN, SON, INF, SCN, NTL, NBM, TMN and LHA) and pituitary. We co-localized 11β-HSD1 with AVP, CRH and OXT in the hypothalamus and showed that 11β-HSD2 co-localizes with several of the hormones produced in the pituitary(7). Co-localization of 11β-HSD2 by means of fluorescence double labelling in the hypothalamus has been tried but failed, as well as co-localization of 11β-HSD1 in the pituitary. This could be due to the levels of expression, that are just high enough to result in detection in staining procedures using DAB as a chromogen but fail to show expression in fluorescent staining procedures. It has been shown in our hands that we need higher concentrations of antibodies in the fluorescent stainings as compared to the DAB stainings and that the intensity of the stainings are generally lower in the fluorescent stainings as compared to the DAB stainings. Antibodies were tested in Western blots for specificity and showed bands at the expected height. 

Distribution 11β-HSD through hypothalamus

We found that there was heterogeneity of distribution between patients; some have a higher specific signal than others, but all showed expression in the paraventricular and supraoptic nucleus. Several factors on the moment of death can play a role in the expression of 11β-HSD. Stress could cause up regulation, medication suppression. Suppression from mediation is a factor that may be excluded in this study, because the patients that were studied had no history of corticosteroid (or related medication) use. After death several factors can affect the availability to immuno-essays. A factor that has a large effect on autopsy tissue is post-mortem delay, which is the time delay between death and tissue dissection. The patients that were used did not have a abnormally high PMD (the highest was 17 hours, see table 1). 

In one of the patients (#98072) no expression 11β-HSD1 was found. This patient did have hypertension, but no medication was used that has been shown to go through the blood-brain barrier.

Co-localization of 11β-HSD with AVP, CRH, OXT and TRH in the hypothalamus

Our data suggest that 11β-HSD1 is localized in AVP, CRH and OXT secreting neurons. Until this moment we have no data on the TRH secreting neurons, because this experiment failed on the first try. The presence of functional 11βHSD1 activity has been documented in the central nervous system, especially in the hypothalamus and the hippocampus of the rat, on the assumption that this enzyme was a dehydrogenase (16;17). Only some years later was it appreciated that 11β-HSD1 acts as a reductase in intact cells (18), suggesting that this view needed to be revised. 11β-HSD1 acts predominantly as a reductase in the brain, whereas 11βHSD2 is exclusively a dehydrogenase (19). 

No fluorescence was detected with 11β-HSD2 in the hypothalamus. Several antigen retrieval methods were performed (deproteination, microwave in different buffers), but still no signal was detected. This is could be due to low expression of the protein in the hypothalamus, so other more sensitive methods like 11β-HSD2 mRNA in situ hybridisation or rt-PCR on mRNA of the human hypothalamus should be tried, to study the expression of 11β-HSD2 in the human hypothalamus.
These data suggest that in neurons secreting CRH, AVP and OXT, 11β-HSD1 is of major importance in regulating glucocorticoid function; in particular, it would act to increase cortisol levels in the region of the glucocorticoid receptor (GR), thus increasing the functional feedback.

Antibody specificity test 

The results of the antibody specificity showed that there was a band on the expected height, but unfortunately also bands that where not seen in the negative controls. This could be because of cross reactivity of the 11β-HSD2 antibodies with the 11β-HSD1 protein. 

Conclusion and recommendation

The present study demonstrates that 11β-HSD1 and 2 are distributed throughout the hypothalamus and pituitary. The expression of 11β-HSD differs per patient, but is mostly found in the PVN and SON of the hypothalamus. 11β-HSD1 co-localizes with AVP, CRH and OXT in the PVN of the hypothalamus, thus it can be said that neurons secreting these hormones might be affected by the local amplification of cortisol levels, resulting in negative feedback. No co-localization has jet been established with 11β-HSD1 in the pituitary and 11β-HSD2 in the hypothalamus, because the 11β-HSD gave no signal in the fluorescent stainings even though several antigen retrieval methods had been applied. To co-localize, other more sensitive methods will have to be applied. These methods can be; mRNA probe labelling or alkalic phophatase anti-alkalic phosphatase technique. 
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Appendix 1
List of abbreviations

ACTH = adrenocorticotropic hormone

AD = Alzheimer’s disease

AVP = arginine vasopressin

CRH = corticotrophin releasing hormone

FSH = follicle-stimulating hormone

GH = growth hormone

GR = glucocorticoid receptor

HLA = human leukocyte antigen

HPA-axis = hypothalamo-pituitary-adrenal axis

INF = infundibular nucleus

LH = luteinizing hormone
LHA = lateral hypothalamic area

MR = mineralocorticoid receptor

NBM = nucleus basalis of Meynert

NBB = Netherlands Brain Bank

ND = no data

NTL = tuberal lateral nucleus

OXT = oxytocin
PVN = paraventricular nucleus

SCN = suprachiasmatic nucleus

SON = supraoptic nucleus

TBS = tris buffered saline

TMN = tuberomammilary nucleus
TSH = thyroid-stimulating hormone
Fig. 1: HPA-axis, stimulation production cortisol (CRH, ACTH) and negative feedback cortisol on pituitary and hypothalamus





Figure 2. Biochemical properties of 11β-hydroxysteroid dehydrogenases (11β-HSDs). The type 1 enzyme exhibits both oxoreductase (cortisone to cortisol) and dehydrogenase activities (cortisol to cortisone) in vitro, but in vivo it mainly functions as an oxoreductase. The type 2 enzyme exhibits only dehydrogenase activity (cortisol to cortisone).
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