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Chapter 6

ABSTRACT

Background: The human hypothalamus modulates mental health by balancing interactions
between hormonal fluctuations and stress responses. Stress-induced progesterone release activates
progesterone receptors (PR) in human brain and triggers neuropeptides/neurotransmitters
alterations.

Methods: As recent epidemiological studies have associated peripheral progesterone levels with
human suicide risk, we mapped PR distribution in the human hypothalamus in relation to age
and gender and characterized its (co-)expression in specific cell types.

Results: The infundibular nucleus (INF) is the primary hypothalamic structure via which
progesterone modulates stress-related neural circuitry. An elevation of pro-opiomelanocortin
(POMC, an endogenous opioid precursor) neurons in the INF, which was due to a high
proportion of POMC neurons that co-expressed PR, was related to suicide in patients with
mood disorders (MD). MD donors who died of legal euthanasia were for the first time enrolled
in a postmortem study to investigate the molecular signatures related to suicidal ideations. They
have higher proportioned PR-expressing POMC neurons than MD patients who died naturally.
This indicates that the onset of endogenous opioid activation in MD with suicide tendency
may be progesterone-associated. We revealed that both MD and suicidality might disturb the
reciprocal correlations in control subjects between PR co-expressing neurons in the INE and
peptidergic neurons in the paraventricular nucleus.

Conclusions: Our findings have important implications for users of progesterone-enriched
contraceptives who also have MD and suicidal tendencies. Considering this widespread impact
on the general population, research aimed at elucidating the involvement of progesterone in the

opioid-associated neuronal circuit in suicide should have a high priority.

Key words
Progesterone receptor; hypothalamus; suicide; depression; pro-opiomelanocortin;

neuropeptide Y
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INTRODUCTION

Progesterone plays a key function in the stress responses in the human hypothalamus. Recent
studies have shown a biphasic and dynamic relationship between fluctuating progesterone
levels and the risk and severity of suicidality. Both clinical and forensic studies reported that
suicidal behaviors in fertile women were more prevalent during the peri-menstrual period
when peripheral progesterone levels were high (Behera et al., 2019; Papadopoulou et al., 2018),
and in menopausal and amenorrheic women when peripheral progesterone levels diminished
(Baca-Garcia et al., 2010). Moreover, a nationwide prospective analysis has reported that, among
contraception users, the suicide risks increased with the enrichment of progesterone in the
contraceptive (Skovlund et al., 2017). In addition, higher plasma progesterone, but not estrogen
levels, were found in women who had attempted suicide repeatedly (Mousavi et al., 2014). Until
now, however, studies on progesterone effects on the human central nervous system, and in
relation to suicidal behaviors, are lacking (Ho et al., 2021). In humans, the effects of progesterone
are mediated by progesterone receptors (PR). An imaging study reported that progesterone-
containing oral contraceptives decreased hypothalamic volumes (Chen et al., 2021), but the
localization of PR was largely unknown. Therefore, we mapped the distribution of PR in the
human hypothalamic nuclei with respect to age and gender and investigated its functionally
neurobiological signatures in glia and peptidergic neurons. Subsequently, we studied the possible
relationship between changes in PR-expressing peptidergic neurons and suicide, focusing on a
key stress-regulating and PR-dense area in the hypothalamus, the infundibular nucleus (INF; in
rodents the arcuate nucleus, ARC).

The INF contains two distinct populations of neurons, the pro-opiomelanocortin (POMC)-
expressing neurons and the neuropeptide Y (NPY)-expressing neurons, that are both involved
in mood disorders (MD) and suicide but exert opposing actions. Preclinical stress studies have
revealed that POMC neurons in the ARC are involved in depressive-like behaviors (Qu et al.,
2020). Concomitantly, strong selective serotonin reuptake inhibitor (SSRI) antidepressants
showed high binding affinity to serotonin receptor 2A that localized on ARC POMC neurons
(Martin-Gronert et al., 2016; Pilvimaki et al., 1996). Clinical studies have shown selective
epigenetic alterations in the POMC gene of adolescents who suffered from depression and self-
injuries (Zheng et al., 2020). Adults with major depressive disorder (MDD) have higher plasma
levels of POMC, and their responses to antidepressants depend on the presence of certain
POMC haplotypes (Chang et al., 2015; Leake et al., 1989). Naltrexone, a competitive antagonist
of opioid receptors that can cause a strong increase in POMC activity in the INF, attenuates the
anti-suicidality effects of ketamine (Billes et al., 2014; Williams et al., 2019). In addition, it has
been shown that individuals who poorly responded to ketamine treatment had more POMC
transcripts in blood than responders (Shenoda et al., 2016). In postmortem observations, higher

pituitary POMC expression has been found in suicide completers compared to controls (Lépez
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etal,, 1992). Thus, excessive POMC activity in the INF and pituitary seems to implicate the onset
of suicidality. Contrary to POMC, rodent models of depression reported lower levels of NPY in
plasma, cerebral spinal fluid, frontal-limbic regions and ARC (Desai et al., 2014; Husum et al,,
2001; Melas et al., 2012). Interestingly, in these compartments, NPY levels were normalized by
traditional antidepressant treatments such as SSRIs and electroconvulsive therapy (Christiansen
et al.,, 2011; Jiménez-Vasquez et al., 2007). Together, these preclinical observations pointed to
marked antidepressant effects of NPY, with prominent involvement in the ARC. In humans,
declining NPY expression levels in the periphery and the central limbic system were also
reported in MD (Kuromitsu et al., 2001; Ozsoy et al., 2016; Widerlov et al., 1988). Intranasal NPY
administration to patients with MDD elicits rapid antidepressant effects (Mathé et al., 2020).
However, in most previous literature, interpretations on neurobiological alterations respectively
linked to either psychiatric disorders or suicide remain unclear since their data were derived
from samples of individuals with psychiatric disorders who merged accomplished suicide.

Rodent studies showed that ARC-originating POMC and NPY fibers innervated multiple
stress-responsive intra- and extra-hypothalamic regions (Betley et al., 2013; Qu et al., 2020),
including the paraventricular nucleus (PVN), where corticotropin-releasing hormone (CRH)-
and thyrotropin-releasing hormone (TRH)-expressing neurons played different roles in
modulating stress, mood and anxiety (Fekete et al., 2000; Liposits et al., 1988; Toni et al., 1990).
Previous research showed that NPY adapted the effects of CRH in the human hypothalamus
during the depression by playing an inhibitory role in emotional modulation after stress
stimulation (Heilig et al., 1994; Thorsell, 2010). In addition, paraventricular TRH neurons can
be innervated by both NPY and POMC neurons (Mihaly et al., 2000).

Based on the background discussed above, we hypothesized that progesterone played an
important role in MD and suicide by affecting the activity of stress-related neurons that co-
express PR and innervate other stress-related neurons. In this study, we first investigated the
distribution of PR in the human hypothalamus. In addition, we characterized PR co-expression
in cell types across hypothalamic nuclei. To investigate whether PR was especially associated
with MD, fatal death ideations or suicidal behaviors, we further quantified the total numbers of
POMC immunoreactive (-ir), NPY-ir neurons and their co-localization with PR in the INE and
CRH-ir and TRH-ir neurons in the PVN of individuals with MD and well-matched controls.

METHODS AND MATERIALS

Human brain materials
Sixty tissue blocks containing the entire hypothalamus were obtained from the Netherlands
Brain Bank (NBB, Amsterdam, the Netherlands, Director: Prof. dr. Inge Huitinga). The donors

provided permission in advance for the autopsy, use of brain material, and clinical documentation
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for research. For PR mapping throughout the hypothalamus, a total of 12 control subjects (6
males and 6 females) were selected from fetal, childhood, adolescent, young, middle ages and
elderly ages (Table S1a). To detect the presence of PR in early development, 3 fetal hypothalami
(22, 30 and 37 gestational weeks) were included (Table S1b). Secondly, for observing the
potential relationship between PR and MD, 45 subjects were collected and divided into two main
groups: 28 MDs and 17 matched controls (CTR) without a neuropsychiatric disorder (Table
1, Slc and S1d). Patients with MD were diagnosed according to the Diagnostic and Statistical
Manual of Mental Disorder (DSM)-III, IIIR and IV criteria. A neuropathologist systematically
examined each brain to detect unrelated neuropathological alterations. Subjects with evidence
of neurological disorders or with Alzheimer’s (Braak) stage III or higher were excluded (Braak
and Braak, 1991). Included subjects had no significant history of substance abuse in the 10 years
before death.

Matching for potentially confounding factors was non-parametrically tested (Table Slc
and S1d). These factors were age, sex, post-mortem delay (PMD), clock time of death (CTD),
brain pH and brain weight (BW). Of notable mention, PMDs of suicide cases were estimated
values. MD donors who died of legal euthanasia were for the first time enrolled in a postmortem
study to investigate the molecular signatures related to fatal death ideations (Zhang et al., 2022).
Since legal euthanasia cases in the Netherlands were mostly performed during working hours,
CTDs of the euthanasia groups differed significantly from the other groups. There were three
sub-groups distinguished in the MD group and two sub-groups in the CTR group. The MD
group contained 10 subjects with MD who died by suicide (MDS), 7 brain donors with MD
who died of legal euthanasia (MDE), and 11 subjects with MD who had not reported suicidality
within 5 years before their natural death (MDN). The CTR group contained 12 subjects who had
no primary neurological or psychiatric disorders and died of natural causes (CN) and 5 subjects
who had no primary neurological or psychiatric disorders and died of legal euthanasia due to
physical diseases (CE), with strong death ideations recorded in their medical history.

Hypothalamic tissue was dissected at autopsy, fixed, dehydrated, cleared and embedded
in paraffin. Coronal serial sections (6 pm) were cut from the level of the lamina terminalis to

mamillary bodies. Every 100™ section was collected and stained with thionine for orientation.

Immunocytochemical staining

Details on antibodies used in this study, their manufacturer, specificity and staining protocol
were presented in supplementary tables (Table S2 and S$3). In brief, after deparaffinization and
rehydration, the sections were washed, treated for antigen retrieval and/or pre-incubated to
block background staining. Subsequently, the sections were incubated with primary antibody,
then with biotinylated secondary antibody (1:400; Vector Labs), followed by avidin-biotin-
peroxidase complex (ABC; 1:800; Vector Labs). Finally, sections were incubated in a solution

of 0.5 mg/mL 3, 3-diaminobenzidine (Sigma) in a total volume of 15 mL TBS containing 5 pL
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H,0, 30% (Merck) and 0.035 g ammonium nickel sulfate (DAB-Ni), at room temperature for
color development. For double labelling (DAB-Ni vs. DAB), ammonium nickel sulphate was not
included in the second DAB development. The enzyme reaction was stopped in distilled water.
Subsequently, the sections were dehydrated, cleared and cover slipped with Entellan (Merck).

Localization of POMC-ir and NPY-ir neurons

The localization of the INF was detected by performing POMC or NPY staining in the
hypothalamus from the level of the optic tracts to the level of the corpus mamillare (one section
per 100"). The fornix, optic tract and median eminence were used as anatomical landmarks.
POMC neurons in the INF were labelled by an antibody directed against its major peptide,
alpha-melanocyte stimulating hormone (a-MSH) (Goldstone et al., 2002).

Localization of PR/POMC-ir and PR/NPY-ir neurons

Double staining of PR with POMC or NPY was performed on sections adjacent to those with
single POMC/NPY neuronal staining throughout the INFE In brief, sections after PR-DAB-
Ni development were incubated with 20 pug/mL AffiniPure Fab fragment goat anti-rabbit IgG
(H+L) (Jackson ImmunoResearch, West Grove, PA, USA) then incubated with the POMC/NPY
antibody, followed by a secondary antibody and ABC incubation, and DAB development.

Localization of CRH-ir and TRH-ir neurons

Based on thionine staining, we performed CRH and TRH staining in the hypothalamus in the
region to localize the part of the PVN containing these cells. Every 100™ section in this region
was stained.

Quantification of immunocytochemical staining

Six main classes of cell profiles for quantification were determined, i.e. (1) total POMC-ir
neurons, (2) nuclear PR-cytoplasmic POMC double-stained neurons (PR/POMC-ir neurons),
(3) total NPY-ir neurons, (4) nuclear PR-cytoplasmic NPY double-stained neurons (PR/NPY-ir
neurons) in the INE (5) total CRH-ir neurons and (6) total TRH-ir neurons in the PVN.

A 2.5x objective (Plan-Neofluar) was used on a Zeiss (Jena, Germany) Axioskop microscope
mounted with a Sony (Tokyo, Japan) black/white CCD camera (model XC77CE), connecting
to software package Image-Pro Plus 6.3 (Media Cybernetics Inc, Rockville, MD, USA). The
total volume of the INF/PVN containing a particular cell type was calculated based upon
Cavalieri principle (Gundersen et al., 1988). The contour of the entire INF/PVN field occupied
by the targeted neurons was manually outlined by the operator with the cursor. Subsequently,
the imaging analysis system overlaid a grid of rectangular fields representing a 40x objective
within the outlined cross-sectional area. To prevent double-counting, in single staining, only

neurons containing a nucleolus were counted (Fronczek et al., 2008). For analysis, 100% of the
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rectangular fields of the mask area were counted. All visible neurons with a nucleus containing
a nucleolus, and within the exclusion lines, were examined using a 40x objective. In double-
staining, since the nucleolus was not visible, nuclear and cytoplasmic double-staining neurons
were counted instead. By dividing the total number of cell profiles by the whole volume, an
estimate of the cellular density was calculated for each INF or PVN area, and the total number of
the cell profiles summed up the multiplying the INF or PVN volume with the neuronal density

of every level.

Statistical analysis

S+ software (version 8.2, TIBCO, Seattle, WA, USA) was used for statistical analysis. The chi-
square test was used for the analysis of categorical data (gender). For interval data, the Mann-
Whitney test (2 samples) or the Kruskal-Wallis test with multiple comparisons (5 samples)
was used (Conover, 1998). In multiple testing situations, the Benjamini-Hochberg correction
(Benjamini and Hochberg, 1995) of P values was applied. When the Kruskal-Wallis test was
used in combination with the Benjamini-Hochberg correction, we proceeded in a two-step
manner. As multiple comparisons in the Kruskal-Wallis test are only allowed if the global P <
0.05 (Conover, 1998), we first corrected the global P values and then selected for further analysis
only those markers for which this requirement was met. Then, the similar multiple comparisons
of the allowed markers were combined and corrected with Benjamini-Hochberg. Subsequently,
the corrected multiple comparisons were recombined for each marker for presentation in
the tables. Correlations were determined using Spearman’s test. CTD was also used to divide
subjects into day (06:00-17:59) and night (18:00-05:59) groups. Differences in CTD and MOD
(circular parameters) between controls and patients with MD were tested with the Mardia-
Watson-Wheeler test (Batschelet, 1981). For each appropriate comparison, the corresponding
P values were pooled and corrected according to Benjamini-Hochberg. All tests were 2-sided.
Results were plotted in GraphPad Prism 8.

RESULTS

Progesterone receptor distribution in the human hypothalamus in relation to age and
gender

From rostral to caudal in the hypothalamus and adjacent structures, cells were present with
PR-ir nuclei in the triangular septal nucleus, dorsal periventricular nucleus, anteroventral
periventricular nucleus, periventricular nucleus, bed nucleus of the stria terminalis,
suprachiasmatic nucleus, pre-optic area (POA), dorsomedial nucleus (DMN), ventromedial
nucleus (VMN), PVN and INF (Figure 1A, 1B and Figure S1A and S1B). The presence of PR-ir
cells in the INF was weak but detectable at 22 gestational weeks (Figure S1C). In addition, cells
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Progesterone receptor distribution in the human hypothalamus and its association with suicide

in the ependymal layer and subventricular zone along the lateral and third ventricle showed
positive nuclear staining (Figure 1C). Ependymal cells along the third ventricle revealed a
higher density of PR-ir cells than the lateral ventricle. In the choroid plexus, both cuboidal and
columnar cells showed cytoplasmic staining (Figure 1D). In addition, a very high density of PR-
ir cells was present in the pars tuberalis of the pituitary gland from the fetal period throughout
the entire life (Figure 1E).

A summary of PR expression in the hypothalamus across ages, in different nuclei and
between genders is depicted in a preliminary map in Figure S1D. We found that the presence
of PR started in the fetal hypothalamus and is maintained throughout the entire lifespan. The
heat map indicates that the POA, INE, VMN and DMN revealed higher densities of expression
relative to the other positive nuclei. Surprisingly, the POA, which was functionally involved in
sexual and parental behaviors in adults, showed robust PR expression in the fetal brains at the
end of pregnancy; however, this expression was reduced in early childhood regardless of gender.
Unexpectedly, the hypothalami of elderly subjects showed overall increases in PR staining
compared to the younger subjects.

Of interest, cells in the ependymal layer, subventricular zone and choroid plexus did not
present positive signals before birth but thereafter maintained alifelong and sex-biased expression
(consistent lower density in females than in males). In the choroid plexus, the columnar cells in
females had mild to moderate cytoplasmic signals while both cuboidal and columnar cells in
males revealed strong expression (Figure S1E).

We performed nuclear-cytoplasm double staining to investigate the functional
involvements of PR-ir cells. Using double labelling with glial fibrillary acidic protein (GFAP) or
ionized calcium-binding adaptor molecule 1 (Ibal), we did not find PR/GFAP astrocytes or PR/
Ibal microglia (Figure 2A, a and b). The general absence of PR-ir cells in the main white matter
structures, including the fornix, anterior commissure and optic nerve showed that there was no
PR expression in oligodendrocytes (figures not shown). However, in the SVZ, we found PR-ir
cells co-labelled with GFAP-8§ and nestin that detected the neural progenitors (Van Den Berge et
al., 2010) (Figure 2A, c and d). In the INF, we found binuclear PR and POMC co-localized (PR/
POMC-ir) neurons (Figure 24, e).
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Progesterone receptor distribution in the human hypothalamus and its association with suicide

Figure 1. Progesterone receptor distribution in the human hypothalamus and adjacent regions.
(A) Schematic illustration of PR mapping throughout the human hypothalamus (a-h from rostral to
caudal). (B) Nuclear PR expression in the hypothalamic nuclei (displayed as the INF). (C) Nuclear PR
expression in cells of the EL and SEL, and SVZ along lateral ventricle. (D) Cytoplasmic PR expression
in the cuboidal and columnar epithelium of the choroid plexus. (E) Nuclear PR expression in the pars
tuberalis of the pituitary. Scale bars: 100 pum.

Abbreviations: ac, anterior commissure; an, accessory neurosecretory nucleus; BST, bed nucleus of the stria terminalis;
Cg, chiasmatic grey; cm, corpus mamillare; CP, choroid plexus; cu, cuneate nucleus; DBB, nucleus of the diagonal
band (of Broca); DMN, dorsomedial nucleus; EL, ependymal layer; fx, fornix; INF, infundibular nucleus; NTL, lateral
tuberal nucleus; ot, optic tract; ph, posterior hypothalamic nucleus; Pi, pituitary; pm, posteromedial nucleus; PVA,
periventricular area; PVN, paraventricular nucleus; rc, retrochiasmatic nucleus; SCN, suprachiasmatic nucleus; SDN,
sexually dimorphic (or intermediate) nucleus; SEL, subependymal layer; SON, supraoptic nucleus; su, subthalamic
nucleus; SVZ, subventricular zone; TMN, tuberomammillary nucleus; un, unicate nucleus; VMN, ventromedial
nucleus.

Progesterone receptor expression in hypothalamic neural progenitors and peptidergic
neurons

Concerning the neuronal hypothalamic markers, double staining for PR was performed with
CRH, TRH, oxytocin (OXT), arginine-vasopressin (AVP), somatostatin (SOM), galanin (GAL),
kisspeptin (KISS1), tyrosine hydroxylase (TH), dynorphin (DYN), POMC and NPY. In the PVN
(Figure 2B, a), we did not find PR co-expression in CRH-ir, TRH-ir, OXT-ir, AVP-ir, SOM-
ir, TH-ir or DYN-ir neurons (Figure 2B, b-h), but we found PR/KISS1-ir neurons in elderly
males (Figure 2B, i) (Taziaux et al., 2016). In the periventricular nucleus (Figure S2A, a), PR
co-labelled CRH and TH neurons (Figure S2A, b and c¢), but not DYN neurons (Figure S2A,
d). In the INF (Figure 2C, a), a considerable proportion of PR-ir cells co-expressed POMC-ir
(PR/POMC-ir) and SOM-ir (PR/SOM-ir) neurons (Figure 2C, b and c¢) and a small proportion
of co-expressing NPY-ir (PR/NPY-ir) neurons were present (Figure 2C, d). Besides, we found a
high proportion of PR/KISS1 neurons in the INF of elderly females (Figure 2C, e) (Rumpler et
al., 2021). Few DYN-ir neurons co-labelled PR in the INF (Figure 2C, f). Occasionally observed
CRH neurons in this region did not co-label with PR (Figure 2C, g). Neither did we detect PR/
AVP-ir or PR/DYN-ir neurons in the suprachiasmatic nucleus nor PR/GAL-ir neurons in the
sexually dimorphic nucleus (also known as the intermediate nucleus, INAH 1) (Figure S2B and
$2C).
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Figure 2. Characterization of progesterone receptor immunoreactive (-ir) cells in the
paraventricular nucleus and infundibular nucleus. (A) PR expression in neural progenitors and
immature neurons. (a and b) Absent co-localization of PR in astrocytes (GFAP) or microglia (Ibal).
(c and d) Co-localization of PR in neural progenitors (GFAP-§ and nestin). (e) Co-localization of PR
in an immature POMC neuron (two nuclei shown by arrowheads). (B) PR expression in the PVN.
a Schematic illustration of the PVN in the human hypothalamus. (b-h) Absent expression of PR in
CRH-ir, TRH-ir, OXT-ir, AVP-ir, SOM-ir, TH-ir or DYN-ir neurons. (i) Co-localization of PR in
KISS1-ir neurons. (C) PR expression in the INE (a) Schematic illustration of the INF in the human
hypothalamus. (b-f) PR expression in POMC-ir (~50%), NPY-ir (~20%), SOM-ir (~50%), KISS1-ir
(~70% in elderly males) and DYN-ir neurons in the INE (g) Absent co-localization of PR in CRH-ir
neurons in the INE Scale bars: (A) aand d, 50 um; b, c and e, 20 pum. (B) b, gand i, 10 pm; c-fand h,
30 pm. (C) b-d, 20 um, e-g, 30 um.

Abbreviations: AVP, arginine-vasopressin; CRH, corticotropin-releasing hormone; DYN, dynorphin; GFAP, glial
fibrillary acidic protein; GFAP-§, glial fibrillary acidic protein-delta; Ibal, ionized calcium-binding adaptor molecule
1; INE infundibular nucleus; ir, immunoreactive; KISS1, kisspeptin; NPY, neuropeptide Y; OXT, oxytocin; POMC,
pro-opiomelanocortin; PR, progesterone receptor; PVN, paraventricular nucleus; SOM, somatostatin; TH, tyrosine
hydroxylase; TRH, thyrotropin-releasing hormone (for other abbreviations see legend Figure 1).

Elevated PR/POMC-ir neurons contribute to the increased POMC-ir neurons in
depressed suicides

We quantified the total number of POMC-ir and PR/POMC-ir neurons in the INF (Figure 3A).
No difference was observed between MD patients and controls (Figure3B, a and c). Of note,
some POMC-ir neurons with two nucleoli were present in both MD and CTR (Figure S3A, also
binucleated SOM-ir neurons were present, Figure S3B). The number of PR and POMC double-
staining neurons was determined on adjacent sections but did not differ between MD patients
and controls (Figure 3B, e and g). The number of POMC-ir neurons that did not co-localize PR
(sPOMC-ir neurons) was not different between MD and controls (Figure 3B, i).

In a subset analysis, however, a robust increase in the total number of POMC-ir neurons
was observed in suicide cases (MDS) compared to the other MD subsets and CN subjects
(Figure 3A, a and b; 3B, b). Total volumes of the POMC-ir neuron cluster were not different
within the five subgroups (Figure 3B, d), indicating that, in brains of those who died by suicide,
an elevation of POMC-ir neurons was the major explanation for the higher POMC-ir density in
these volumetrically stable INFs.

By analysing PR/POMC-ir neuron number as well as its INF volume, we observed
an exclusive increase in MDS relative to the other subgroups (Figure 3A, ¢ and d; 3B, f
and h), indicating that increased PR/POMC neurons were recruited within the INFE. The

number of sPOMC-ir neurons remained unchanged within the five groups (Figure 3B,
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Figure 3. Increased numbers of PR/POMC-ir neurons contribute considerably to the POMC-ir
neuronal increase in depressed suicides. (A) POMC-ir and PR/POMC-ir neurons in the INF of
a control subject (a and ¢) and a patient with MD who died of suicide (b and d). Solid arrowheads
point at PR/POMC-ir neurons. Empty arrowheads point at sSPOMC-ir neurons. (B) Analyses between
CTR and MD subjects (two-group comparison), and their subsets (five-group comparison) on
total neurons and volume of POMC (a-d), PR/POMC (e-h), total neurons of sSPOMC (i-j) and the
proportion of PR/POMC neurons in POMC neurons (k-1). Note that patients with MD who died of
suicide or legal euthanasia presented higher proportions of PR/POMC-ir neurons in the INF than
patients who died by natural causes (1). Scale bars: 100 pm.

Abbreviations: CE, control subjects who died of legal euthanasia; CN, control subjects who died of natural causes; CTR,
control subjects; INE, infundibular nucleus; -ir, immunoreactive; MD, mood disorders; MDE, subjects with mood
disorders who died of legal euthanasia; MDN, subjects with mood disorders who died of natural causes; MDS, subjects
with mood disorders who died of suicide; POMC, pro-opiomelanocortin; PR, progesterone receptor; PR/POMC,
neurons co-labelling progesterone receptor and pro-opiomelanocortin; sSPOMC, pro-opiomelanocortin neurons that
did not express progesterone receptor.

Note: Lines with asterisks on the graphs indicate that the two groups under them are significantly different. * indicates
0.01 < P < 0.05, ** indicates 0.001 < P < 0.01, *** indicates 0.0001 < P < 0.001, *** indicates 0.00001 < P < 0.0001,
Global-P < 0.05.

j). In addition, a higher proportion of POMC-ir neurons that co-labelled PR was detected in
MDE versus MDN (Figure4 3B, 1), which suggested that in individuals with MD, the ratio
of POMC neurons that co-labelled PR might be an indicator of suicidality, including suicidal
behaviours and even be sensitive to suicidal ideations. We concluded that the elevated sum of
POMC-ir neurons in the INF of suicidal cases was due to an increased number of PR/POMC

co-expressing neurons.

Progesterone receptor is not associated with reduced NPY expression in mood disorders.
A marked reduction of the total number of NPY-ir neurons was found in subjects with MD
(Figure 4A, a and b; Figure 4B, a and c). Subset analysis showed that individuals with MD who
died of euthanasia had the lowest NPY-ir neuronal counts among the five subgroups (Figure 4B,
b and d). Strikingly, control subjects who died of euthanasia presented the most NPY-ir neurons,
in sharp contrast to MDE subjects, which indicated that NPY expression in the INF could be
seriously inhibited in MD.

The number of PR/NPY-ir neurons remained unchanged in both two- and five-group
comparisons (Figure 4A, c and d; Figure 4B, e-h). Similar changes with total NPY neurons have
been found in non-PR-expressing NPY-ir (sNPY-ir) neurons (Figure 4B, i and j), suggesting
that PR may be unrelated to these decreases in MD. In contrast to the high proportion of POMC-
ir neurons that co-expressed PR, NPY-ir neurons that showed co-localization with PR were
generally less than 10% of the total number of NPY neurons (Figure 4B, k and 1).
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Figure 4. Reduction of the total number of NPY-ir neurons in the infundibular nucleus of mood
disorders is not associated with progesterone receptor. (A) NPY-ir and PR/NPY-ir neurons in the
INF of a control subject (a and ¢) and an individual with MD (b and d). Solid arrowheads point at PR/
NPY-ir neurons. Empty arrowheads point at SNPY-ir neurons. (B) Analyses between CTR and MD
subjects, and their subsets on total neurons and volume of NPY (a-d), PR/NPY (e-h), total neurons
of sNPY (i-j) and the proportion of PR/NPY neurons in NPY neurons (k-1). Note the sharp drop of
NPY expression in MDE compared to CE (b and j). Scale bars: 100 pm.

Abbreviations: CE, control subjects who died of legal euthanasia; CN, control subjects who died of natural causes;
CTR, control subjects; INF infundibular nucleus; ir, immunoreactive; MD, mood disorders; MDE, subjects with mood
disorders who died of legal euthanasia; MDN, subjects with mood disorders who died of natural causes; MDS, subjects
with mood disorders who died of suicide; NPY, neuropeptide Y; PR, progesterone receptor; PR/NPY, neurons co-
labelling progesterone receptor and neuropeptide Y; sSNPY, neuropeptide Y neurons that did not express progesterone
receptor.

Note: Lines with asterisks on the graphs indicate that the two groups under them are significantly different. * indicates
0.01 < P < 0.05, ** indicates 0.001 < P < 0.01, *** indicates 0.0001 < P < 0.001, **** indicates 0.00001 < P < 0.0001,
Global-P < 0.05.

Mood disorders and suicidality disrupt interactions between the infundibular nucleus
and paraventricular nucleus

To investigate the interactions between POMC-ir and NPY-ir neurons in the INE, and CRH-ir
and TRH-ir neurons in the PVN, we performed double staining for these peptides to reveal
their morphology and the distribution of neuronal elements. As shown in Figure 5A, cell bodies
of POMC-ir and NPY-ir neurons, CRH-ir and TRH-ir neurons were located in the INF and
PVN respectively, while their axonal varicosities were distributed in both hypothalamic nuclei.
We observed NPY-ir, CRH-ir and TRH-ir neurons that received considerable POMC contacts
on both perikarya and dendrites, while NPY-ir terminals densely targeted the other neurons
with well-defined juxtapositions. Similarly, both CRH-ir and TRH-ir fiber varicosities were
surrounding other peptidergic neurons with multiple contacts.

A negative correlation was found between PR/POMC-ir and TRH-ir neuron numbers
(Figure 5B, a), and a positive correlation between PR/NPY-ir and CRH-ir neurons in control
subjects who died naturally (Figure 5B, b). Such findings were not detected in the other groups
or subgroups. Neither two- nor five-group comparisons showed significant alterations in CRH
expression in individuals with MD versus the controls (Figure 6A and 6B). In addition, we
found an absence of CRH-ir neurons in the anterior PVN (APVN) that contributed to the lower
expression in the euthanasia subgroups (Figure S4). On the contrary, a striking increase in the
total number of TRH-ir neurons together with their increased distribution area was found in
MDE compared to the other subsets except CE, which was due to a larger number of TRH-ir
neurons throughout the hypothalamus (Figure 6C, 6D and $4).

An overview of data graphed in Figure 3, 4 and 6 is presented in Table S4.
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Figure 5. Reciprocal innervations of POMC-ir, NPY-ir, CRH-ir and TRH-ir neurons in the
infundibular nucleus and paraventricular nucleus. (A) Neurons are indicated in horizontal rows
and brown, fiber innervation is indicated in vertical columns and black. (B) Correlations between
PR/POMC-ir neurons in the INF and the TRH-ir neurons in the PVN (a), and between PR/NPY-ir
neurons in the INF and CRH-ir neurons in the PVN (b) of controls subjects who died by natural
causes. Due to the ceiling effect that zero values may mislead the correlations, subjects who displayed
zero values after quantification were excluded from the correlation analysis. Scale bar: 20 um.

Abbreviations: CRH, corticotropin-releasing hormone; INE infundibular nucleus; ir, immunoreactive; NPY,
neuropeptide Y; POMC, pro-opiomelanocortin; PR/NPY, neurons co-labelling progesterone receptor and neuropeptide
Y; PR/POMC, neurons co-labelling progesterone receptor and pro-opiomelanocortin; PVN, paraventricular nucleus;
TRH, thyrotropin-releasing hormone.

Analysis of putative confounders
We included age, gender, CTD, PMD, BW and brain pH in the analysis of factors that might
confound our results. There were no differences in the NPY expression between the two sexes
within MD and CTR separately (Figure S5A). However, the sharp reduction of NPY-ir and
sNPY-ir neurons in MD versus CTR was significant only in males (Figure S5A). The other
detected neuropeptides did not reveal gender-biased alterations (Figure S5B-D). Since we have
matched our (sub)groups for the factors mentioned above, the observed correlations did not
affect our conclusions.

Of note, individuals who died of legal euthanasia showed significantly different CTDs.
A similar situation also held for patients with MD who died of suicide, who had a trend for
particularly long PMDs compared to other subgroups. However, we did not find evidence that
these two parameters might have driven any of the reported effects.

MDD and bipolar disorder are two major classifications of MD. We further compared the
peptide neurons between them but did not find significant differences. In addition, psychoactive
substances were used in controls subjects for treatments of physical illnesses three months before

death, but they did not seem to confound our results.
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Progesterone receptor distribution in the human hypothalamus and its association with suicide

Figure 6. CRH and TRH expression in the paraventricular nucleus of controls and patients with
mood disorders. (A) CRH-ir neurons in the PVN of a control subject (a) and a patient with MD who
died of suicide (b). (B) Comparison of CTR and MD subjects, and their subsets on the total number
of neurons and volume of CRH (a-d). (C) TRH-ir neurons in the PVN of a control subject (a) and a
patient with MD who died of suicide (b). (D) Comparison of CTR and MD subjects, and their subsets
on total neurons and volume of TRH (a-d). Scale bars: 100 pum.

Abbreviations: CE, control subjects who died of legal euthanasia; CN, control subjects who died of natural causes; CRH,
corticotropin-releasing hormone; CTR, control subjects; ir, immunoreactive; MD, mood disorders; MDE, subjects
with mood disorders who died of legal euthanasia; MDN, subjects with mood disorders who died of natural causes;
MDS, subjects with mood disorders who died of suicide; PVN, paraventricular nucleus; TRH, thyrotropin-releasing
hormone.

Note: Lines with asterisks on the graphs indicate that the two groups under them are significantly different. * indicates
0.0 1< P < 0.05, ** indicates 0.001 < P < 0.01, *** indicates 0.0001 < P < 0.001, **** indicates 0.00001 < P < 0.0001,
Global-P < 0.05.

DISCUSSION

The human hypothalamus plays a major role in mood and stress modulation, but the
hypothalamic pathophysiologic systems that differentiate suicidality from MD are poorly
understood and continue to be debated. Here, we show for the first time, strong PR-associated
changes in a specific group of peptidergic neurons in relation to suicide. Our major findings
are: (1) hypothalamic PR-containing cells were concentrated in the nuclei adjacent to the third
ventricle in a relatively stable pattern in both genders throughout the lifespan, (2) various
peptidergic neurons, as well as putative neural progenitors co-expressed PR, (3) the number of
POMC neurons in the INF was increased in suicide completers, and this elevation was primarily
due to PR/POMC co-expressing neurons, (4) NPY neuron number in the INF was sharply
reduced in patients with MD, but PR/NPY co-expressing neurons did not participate in this
decrease, (5) in the control subjects who died of natural causes, the number of PR/POMC and
PR/NPY neurons in the INF correlated with the number of CRH and TRH neurons in the PVN,
which seemed to be disturbed by MD and suicide tendencies. We also reported a sex difference:
A reduced number of NPY neurons was found in MD compared to controls in males but not
in females. Together, these findings add to the growing evidence supporting an involvement
of POMC neurons in suicide and suggest that progesterone-mediated, hypothalamic peptide
alterations are an important molecular basis of suicide.

We showed the distribution of PR cells throughout the lifespan in the human hypothalamus,
which was generally in accordance with animal studies (Wagner, 2006). PR was present in specific
hypothalamic nuclei known to have diverse hormone-mediating and neurodevelopmental
functions in, e.g. the anxiety and stress response, neurogenesis, sexually dimorphic behaviors,

circadian rhythm, feeding and metabolism, drinking, parental behavior and sleep (Swaab et al.,
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2021). This widespread distribution suggests that progesterone via hypothalamic PR may affect
a multitude of neuroendocrine regulators. The largely identical distribution pattern between the
genders over the ages thereby seems to be independent of the progesterone plasma levels, which
differ between males and females. Central progesterone could be derived from progesterone
entering the brain after being synthesized in the periphery as a sex hormone, or it could be
locally produced by astrocytes as a brain-derived neuroactive steroid (Schumacher et al., 2004).
Interestingly, the ependymal layer, subventricular zone and choroid plexus did not show PR
cells in the fetal hypothalamus, but these structures were positively stained in children. In
contrast, the tuberal part of the pituitary expressed PR-ir cells from the fetal period throughout
the lifespan, which suggested that the placenta and fetal hypothalamic astrocytes, rather than
the fetal adrenal gland, were two major resources for fetal brain progesterone (Sinchak et al.,
2003; Zwain and Yen, 1999). In addition, PR expression in the choroid plexus was weaker in
females than males during their reproductive ages but became more similar after menopause,
indicative of a sex hormone-specific sensitivity in PR in a brain region that was part of the blood-
cerebrospinal fluid barrier. The preoptic area, a region involved in sexual and parental behaviors,
showed robust PR staining in the fetal hypothalamus, suggesting that fetal progesterone levels
were positively associated with the maternal levels (Wagner, 2006). Of note, the density of PR-ir
cells along the third ventricle decreased from the ventromedial to the dorsolateral hypothalamus,
indicating that the INF, a nucleus that was anatomically located outside the blood-brain barrier,
might be a major structure through which peripheral progesterone entered the brain. Positive
PR expression in the epithelial cytoplasm, but not in the nuclei of choroid plexus, supports this
possibility, which also suggests that both peripherally synthesized and neuroactive progesterone
inputs may regulate emotional and metabolic integration (Magoul et al., 1994).

The presence of PR in neural progenitors and specific populations of peptidergic neurons
potentially determines the neurobiological substrate that is modulated by progesterone in the
human hypothalamus. Selective co-expression of PR and particular neuropeptides, e.g., CRH,
SOM and TH, in different human hypothalamic nuclei indicates that progesterone regulation of
the neuroendocrine system has region- and function-heterogeneous targets. PR also presented
co-localization with neural progenitors in the subventricular zone and INE, which were
considered to be the main neurogenic niches in the adult human brain (Van Den Berge et al.,
2010), indicating that progesterone might be involved in human adult neurogenesis (Ponti et
al., 2018). In addition, the presence of some binuclear POMC and SOM neurons showed the
late phase of mitosis and post-mitotic maturation of neurogenesis in the INF. Among these PR-
ir nuclei, INF not only receives peripheral humoral stimuli (Magoul et al., 1994), but it is also
connected to multiple regions in the limbic system via which the INF can be associated with
the pathogenesis of neuropsychiatric disorders, as supported by murine models of depression
(Chronwall, 1985; Desai et al., 2014; Qu et al., 2020).
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Studies have demonstrated that endogenous opioids play important roles in modulating stress-
related behaviors (Bali et al., 2015; Nobile et al., 2020). As a classic precursor, the current elevated
POMC expression in suicide completers indicated the involvement of the endogenous opioid
system activation (Williams et al., 2019). The possibility that progesterone participated in the
modulation of this cell population was reinforced by the higher proportion of PR/POMC co-
expressing neurons in MDS. Because progesterone is increased following stress (Ladisich, 1977),
one may hypothesize that, in individuals with MD who are experiencing suicidal thoughts,
progesterone may modulate POMC synthesis, leading to opioid activation and subsequent
suicidal acts (Lutz et al., 2020; Yang and Lim, 1995). Among subjects with MD, the numbers of
POMC-ir and PR/POMC-ir neurons were increased in MDS, and the proportion of PR/POMC-
ir neurons increased both in MDS and MDE, suggesting that progesterone might be associated
with endogenous opioid activation in MD patients with suicidality. A similar increase of PR/
POMC-ir neurons was absent in the controls who died by legal euthanasia, supporting the
assessment that comorbid mental disorders were of higher risk for suicide attempts. In addition,
an animal study reported that progesterone administration could elicit long term POMC
elevation (Petersen et al., 1993), which was consistent with the observation that women had
a higher tendency of suicide during menstrual and postpartum periods when their peripheral
progesterone levels dropped sharply (Baca-Garcia et al., 2010; Behera et al., 2019; Papadopoulou
et al.,, 2018).

An overall reduction of NPY expression in individuals with MD and their sub-groups
showed that NPY levels in the INF were low, independent of suicidality. Our earlier research
has displayed that the duration of an agonal state before death in controls was accompanied by a
decreased NPY expression (Fliers et al., 2001a). For this reason, we examined brain donors who
underwent legal euthanasia as they had very short agonal states. By comparing NPY-ir neurons
in CE versus MDE and CN, we found that a reduction in numbers was present only in MD.
Our data agreed with an antidepressant effect of NPY, and we concluded that MD, rather than
euthanasia, could play a major role in impairing hypothalamic NPY reserves. On the other hand,
both MD and control subjects who died of legal euthanasia possessed strong suicidal ideations,
but they showed opposite numbers of NPY-ir neurons in the INF, indicating that decreased
hypothalamic NPY expression might be rather related to MD than to suicide. Although NPY
in the plasma of suicide completers has been found increased compared to non-psychiatric
controls (Lu et al., 2019), it is not known whether this elevation was caused by the NPY released
from other regions of the brain or other organs. Moreover, there was a small proportion of PR/
NPY-ir neurons that showed no changes in the different conditions. We have no evidence to
relate this population to MD or suicidality.

Neurons in the INF control behaviors by synaptic regulations across neural circuits. We
investigated an important step in this network, i.e., the relationship between the INF and PVN.
The observations that POMC-ir, NPY-ir, CRH-ir and TRH-ir neurons terminated on each
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other have provided a morphological substrate for their bidirectional interactions. In addition,
we quantified the total number of CRH-ir and TRH-ir neurons in the PVN under different
conditions and investigated their correlations with PR/POMC and PR/NPY neurons. The
correlations in CN suggested that progesterone might inhibit TRH expression by upregulating
POMC-ir neuronal projections or activate CRH-ir neurons by NPY innervation. However, these
correlations did not persist in the subgroups of MD and death ideations, indicating that the INF-
PVN circuit might be disturbed in this condition. Alternatively, terminations of POMC neuron
axon projections, to the other hypothalamic nuclei, thalamus, amygdala, or brainstem that have
been associated with the opioid system in depression (Lutz et al., 2020; Qu et al., 2020; Russell et
al., 2014; Zan et al., 2021), may be the targeted regions that respond to negative stimuli. Tracing
the INF projections of this opioid population may help to identify brain areas interconnected to
the neuropathology of death ideations and suicidal behaviors.

Previous studies have proposed that suicide is associated with an overall CRH activation
in the frontal-limbic system (Austin et al., 2003; Merali et al., 2006; Zhao et al., 2015). Our
results and previous studies have revealed that CRH-ir neurons received POMC projections and
processed opioid receptors (Reyes et al., 2007; Reyes et al., 2017), further indicating a possible
involvement of opioid system activation in suicide. However, in the present study, we did not
find alterations in the total number of CRH-ir neurons in the PVN of MD versus CTR, partly
because CRH-ir neurons were absent in the APVN of euthanasia subjects. We point out that
a lethal dosage of barbiturate administration, as performed in euthanasia, may prevent CRH-
induction required neuronal stimulation by its anti-anxiety effect, which may be an explanation
for the trend of lower CRH in euthanasia. In addition, we did not find an altered number of
CRH-ir neurons in the PVN of MDNs compared to the other subgroups, which seems largely
to be due to the data variation. In a previous study in a mixed group of patients with MD and
suicide, we did find elevated numbers of CRH-ir neurons in patients with depression (Raadsheer
etal., 1994).

In a previous study, we reported a strong reduction of TRH mRNA in the PVN in depressed
patients and subjects with death ideations and depressive symptoms (Alkemade et al., 2003),
which was in line with our current findings in MDN and MDS. A drop of the hypothalamus-
pituitary-thyroid axis activity, including decreased thyroid-stimulating hormone (TSH), thyroid
hormones and their negative correlations with suicide risk has been found in depressed patients
and suicide attempters (Corrigan et al., 1992; Duval et al., 2017; Jokinen et al., 2008; Linkowski et
al., 1984). The absence of CRH neurons in the APVN of euthanized subjects suggests that there
may be diminished stress compared to the other patients with MD. Reversely, significantly more
TRH neurons were found in MDE and CE compared to subjects who died of natural causes. In
individuals who died of natural causes, the APVN has substantially fewer TRH neurons than the
posterior PVN (Fliers et al., 1994), while euthanasia subjects in this study reveal a large number

of TRH-ir neurons throughout their entire PVN. In humans, glucocorticoid administration
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downregulates TRH expression (Alkemade et al., 2005). Considering the CRH innervation on
TRH-ir neurons and their opposite expressions in the APVN across different groups, we propose
that CRH negatively modulates the TRH activity.

It is important to notice that only MD males, but not MD females have fewer NPY-
ir neurons in the INE To the best of our knowledge, studies that showed hypothalamic NPY
reductions in depression models and normalization of depressive-like behaviors after treatments
used only male animals (Desai et al., 2014; Husum et al., 2003; Jiménez-Vasquez et al., 2007).
Previous research showed that NPY expression in the INF was activated by testosterone only in
male animals (Urban et al., 1993) when testosterone deficiency was accompanied by a higher
incidence of depression, especially in males after midlife (Shores et al., 2005). As the subjects in
this study had a median age over 60, decreases in testosterone might underlie the observed NPY
reduction.

There are a few aspects of our study that require consideration. Menstrual information
was not recorded in primary clinical data. Since the number of younger women is small, this
will likely not influence our general conclusions. Secondly, the sample size is relatively small,
limited by the unique cases of legal euthanasia and the strict inclusion and exclusion criteria we
used. Another limitation is that we could not stratify for the way every subject accomplished
suicide. For instance, information about violent or non-violent categories was not available in
the clinical records. In addition, our study employed human postmortem brain tissue which
made it inevitable to consider the possible role of antidepressants. A recent clinical study has
examined thyroid function in first-episode drug-naive patients with MDD and reports that
suicide attempters had higher levels of TSH than non-suicidal individuals (Shen et al., 2019).
Therefore, we distributed the antidepressant users, in relation to the pharmacologic effects and
dosages in MD, among the subsets.

In conclusion, we systematically examined the anatomical and functional organization of
PR in the human hypothalamus and addressed its association with suicide by demonstrating an
increased proportion of PR/POMC neurons in the INF in patients with MD and fatal suicidality.
This indicates that the possible role of progesterone in suicide may at least partially depend on
the opioid system activation that disrupts the physiological connections with the PVN. The
identification of distinct neuronal subpopulations involved in the effects of progesterone on
suicidality will help better understand the molecular mechanisms underlying MD and suicide.
We suggest that special attention should be paid to females with MD, who use hormonal
contraception containing a high concentration of progesterone. Given PR/POMC-ir neurons
present in both genders and throughout the entire lifespan, the implications may be wide-
reaching and relevant for the general population and thus deserve additional studies. Last but not
the least, we showed for the first time that on a molecular level difference can be found between
legal euthanasia and accomplished suicide in the human brain, indicating that there might be

distinct neurobiological mechanisms underlying fatal suicidality and suicide, respectively.
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Table S1a. Clinico-pathological information (PR mapping).

Sample Age Age group Sex PMD CTD CSF BW Cause of death
number (h) pH (8)

CM1 40gw Perinatal period M 14:05  19:55  N.A. 320 Respiratory failure
CM2 4y  Childhood M 2355 935 N.A. 1565  Sepsis

CM3 17y Adolescence M 41:00 0:00 N.A. 1499 Myocarditis

CM4 27y  Youth M N.A. N.A. N.A. N.A. Drowning

CM5 55y Middle age M 7:15 11:05  N.A. 1393 Intestinal ischemia
CM6 79y Elderly age M 6:30 10:00 6.71 1121 Legal euthanasia
CF1 40gw Perinatal period F 30:45 3:30 N.A. 380 Asphyxia

CF2 7y  Childhood F 9:45 7:15 N.A. 1320 Respiratory failure
CF3 15y  Adolescence F 20:00  13:00 N.A. 1480 Lungedema

CF4 26y Youth F 6:35 2:25 N.A. 1156 Respiratory arrest
CF5 54y Middle age F 5:35 15:15 6.40 1118 Liver cirrhosis
CF6 83y  Elderly age F 3:20 16:30  6.80 1173  Legal euthanasia

Abbreviations: BW, brain weight; CFE, control females; CM, control males; CSE, cerebral spinal fluid; CTD, clock time of

death; F, female; g, gram; gw, gestational week; h, hour; M, male; N.A., not available; PMD, postmortem delay; y, year.

Table S1b. Clinico-pathological information (fetal hypothalami).

Sample Age Sex PMD CTD BW Cause of death
(gw) (h) ®
1 22 M 15:16 17:44 N.A. N.A.
2 30 M 17:00 0:00 150 Pneumonia
3 37 M 17:00 0:00 400 Congenital heart syndrome

Abbreviations: BW, brain weight; CTD, clock time of death; g, gram; gw, gestational week; h, hour; M, male; N.A., not

available; PMD, postmortem delay.
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Table S2. Specification of the antibodies used.

Antibody Species Manufacturer Catalogue number and specificity

PR rabbit monoclonal Abcam ab32085

a-MSH  rabbit polyclonal NIN a-MSH 4372 #23.04.75 (Swaab and Visser, 1977)
NPY rabbit polyclonal NIN Niepke #26.11.88 (Fliers et al., 2001b)

CRH rat monoclonal Gift NIN PFU 83 (Raadsheer et al., 1993)

TRH rabbit polyclonal Novus Biologicals  NBP2-34014

GFAP rabbit polyclonal Agilent DAKO GA524

Ibal rabbit polyclonal FUJIFILM Wako  019-19741

GFAP-§  rabbit polyclonal Gift NIN 100501 (Roelofs et al., 2005)

Nestin ~ mouse monoclonal Chemicon MAB5326

OXT mouse monoclonal Gift OT-A-1-28 (Dai et al., 2017)

AVP mouse monoclonal Gift VPIII-D-7 (Wu et al., 2006)

SOM rabbit polyclonal NIN Somaar (Van de Nes et al., 1994)

GAL rabbit polyclonal NIN Gaaltje (Garcia-Falgueras et al., 2011)
KISS1 sheep polyclonal Gift GQ2 (Dhillo et al., 2005)

TH mouse monoclonal Sigma-Aldrich MAB318

DYN rabbit polyclonal Gift Dynorphin (1-8) #73 (Sherman et al., 1988)

Abbreviations: a-MSH, alpha-melanocyte-stimulating hormone; AVP, arginine vasopressin; CRH, corticotropin-
releasing hormone; DYN, dynorphin; GAL, galanin; GFAP, glial fibrillary acidic protein; GFAP-§, glial fibrillary acidic
protein-delta; NIN, Netherlands Institute for Neuroscience; HLA-DP, DQ, DR, human leukocyte antigen-DP, DQ, DR
isotypes; KISS1, kisspeptin; NPY, neuropeptide Y; OXT, oxytocin; PR, progesterone receptor; SOM, somatostatin; TH,
tyrosine hydroxylase; TRH, thyrotropin-releasing hormone.

Note: 1 Specificity of commercial antibodies were provided by the manufacturers.

2 POMC-ir neurons were stained by an a-MSH antibody (Goldstone et al., 2002).

Anti-PR antibody used in this study detects PR isoform B, which is the positive regulator of progesterone effects.
Anti-CRH antibody is a kind gift from Prof. Dr. EJ.H. Tilders.

Anti-GFAP-§ antibody is a kind gift from Prof. Dr. E.M. Hol.

Anti-OXT antibody is a kind gift from Prof. Dr. EW. van Leeuwen who obtained it from Dr. A. Hou Yu.
Anti-AVP antibody is a kind gift from Prof. Dr. EW. Van Leeuwen who obtained it from Dr. A. Silverman.
Anti-KISS1 antibody is a kind gift from Prof. Dr. W.S. Dhillo.

Anti-DYN antibody is a kind gift from Prof. Dr. S.]. Watson.
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Table S3a. Immunohistochemistry for single staining.

Antibody Washing Antigen retrieval Blocking buffer  Incubating Dilution Incubating
buffer buffer time
PR 1xTBS  0.01M citrate buffer - SUMI! 1:100 72h
(pH 6.0)
microwave 800 w 20 min
a-MSH  3xTBS 0.03M citrate buffer - SUMI-HS*  1:8000 24 h
(pH 6.0)
microwave 800 w 20 min
NPY IxTBS - 1xTBS-5% milk SUMI-milk® 1:1000 24 h
CRH 1xTBS - - SUMI 1:100000 24 h
TRH 3xTBS  0.03M citrate buffer - SUMI-HS  1:4000 24h
(pH 6.0)

microwave 800 w 20 min

Abbreviations: o-MSH, alpha-melanocyte-stimulating hormone; CRH, corticotropin-releasing hormone; NPY,
neuropeptide Y; PR, progesterone receptor; TBS, tris-buffered saline; TRH, thyrotropin-releasing hormone.

Note:

! SUML: supermix, 0.25 g gelatin in 100 ml 1xTBS, pH 7.6 heat the gelatin, mix until it dissolves, add Triton-X 0.5 ml.
Store in fridge.

2 SUMI-HS: supermix-high salt, 0.25 g gelatin in 100 ml 3xTBS, pH 7.6 heat the gelatin, mix until it dissolves, add
Triton-X 0.5 ml. Store in fridge.

? SUMI-milk: add 5 g milk powder in 100 ml SUMI, mix until it dissolves. Prepare before use.

203



ava qvc 0STT INQS - - S4IXI Q-dVdD
UIW ()7 M 008 ABMOIOTW 9-dVAO+dd
IN-9VA qzL 00T-T INQS - (0'9 Hd) 1ognq 258D WI0'0  SILXT ad

ava qve 00S:T INNS - - SAILXI 1eq1
UMW )7 M (008 SABMOIITUX 1eq] +4d

IN-dVd qyeL 00T°T INNS - (0'9 Hd) 1ognq 27en1 100 SA.LXT dd

ava qve 0000T:T INNS - - SALXI dviD
N . B UIw )7 M 008 dABMOIOTW dVdO+dd
IN-aVd qyzL 00T*T INQS (09 Hd) 19Pnq 2enD W00 SALXT ad
ava qve 000T'1 SH-TINNS - - SdIX¢ HYL
N ) ~ UIW ()7 M ()08 SABMOIDTW HAL+dd
IN-gVd yeL 00T-T INNS (09 1d) 12gnq 281D 100 SALXT ad
ava y¥e 0000S°T INNS - - SALXI H3D
N . _ UTW ()7 M 008 2ABMOIOTW HIO+Ad
IN-dVd qyzL 00T'T INQS (09 Hd) 19Pnq 29e1D WT0'0 SALXT ad
ava yve 00S:T  A[WU-TNNS AW %S—SdIXT - SIXI AdIN
N . ~ UIW ()7 M (08 2ABMOIDTW AdN+Ud
IN-gVd yeL 00T-T INNS (0'9 Hd) 125nq 281D N10°0 SAIXT ad
ava yye 000%+1 SH-TINNS - - SdLX¢ HSIW-©
N . B UTW ()7 M 008 SABMOIDTW HSW—0+dd
IN-gVd qyzL 00T*T INNS (09 Hd) 19nq 27811 NT0°0 SAIXT ad
jusurdorasap awn pgnq pgnq
mojo) Suneqnoup uwonnpig Suneqnouy  JIaynq Sunporg [esdrnaI wadnuy  Surysepy  sarpoquuy oquioD)

Chapter 6

‘Surure)s s[qnop 10y AnsTaYDOISTYOUNWW] *q¢S dqe],

204



Progesterone receptor distribution in the human hypothalamus and its association with suicide

ava ¥ 00T:1 INNS - - SAIXI NAQ
UIW ()7 M 00§ 2ABMOIOTW NAd+dd

IN-9Vd YL 00T:1 INNS - (06 Hd) 1ognq [DH-SHL NS00  SALXI ad

ava y¥e 0S.:1 INNS - - SALXI HL
urwr )g M 008 2ABMOIdTUWI HI+dd

IN-9VA yeL 00T:T INNS - (0'6 Hd) 19gnq [DH-SHL NS00 SLLXT ud

ava ye 0000S:1 INNS - - - SSI
urwr )z M 008 2ABMOIOTW [SSIM+dd

IN-9VA qyzL 00T:T INNS - (09 Hd) 1ognq 258D WI00  SLLXT ad

ava ¥z 0081 INNS - - S4IXI VD
U ()g M 008 d2ABMOIOTW TVO+dd

IN-dVd yzL 00T:T INNS - (09 Hd) 1ognq 350D 100 SLLXI ad

ava ¥z 008:1 SH-TINNS - - SdIxg WOS
uIw )z M )08 dABMOIOTW INOS+dd

IN-9Vd L §e4 00T:T INNS - (0'6 Hd) 1ognq [DH-SHL NS00 SLLXI ad

ava Yz 00T:1 INNS - - S4IXI dAV
urw )z M )08 d2ABMOIOTW dAV+Id

IN-9Vd YL 00T:1 INNS - (06 H) 19gnq [DH-SHL NS00 SLLXI ad

ava '8 74 00S°T INNS - - SLXI IXO
urwr )z M 008 dAeMOoIOTUI LXO+dd

IN-9Vd qyzL 00T:1 INNS - (09 Hd) 1opnq 3enO WT0'0  SALXIT ad

ava q¥z 00T:1 INNS - - SAIXI unsau
urwr )z M )08 2ABMOIOTW unsau-+dd

IN-9Vd qzL 00T:1 INNS - (09 Hd) 1ognq a1eND NT0'0  SALXT ad

jusurdorasdp i Iopgnq Iopgnq

mojo) Suneqnouy  uwonnig Suneqnoul  J1Pnq Sunporg [eAdInaI wadnuy Surysepy  saTpoqnuy oquro)

205



Chapter 6

avda qyvc 00s°1 AMW-TNNS [T %S—SELXT - SALXT AdN
AIN+HYO

IN-9Vd qve 0000011 INNS - - SALXT HIO

avda qve 000%°1 SH-TINNOS - - SAd.LX¢ HSIN-»
UTW ()7 M ) SABMOIDTW HSIN-P+HYO

IN-GVd ¥ 00000T:T INNS - (09 Hd) 12Pnq 7DD WI00  SELXT HID

avda yye 000T°1 SH-TINNS - - N:ARSY HYL
U ()7 M )08 2ABMOIOTUI HYL+AIN

IN-dVA qve 000T:T  q[WU-TINAS W %S-SLLXT (0'9 Hd) 12gnq 21110 IN10°0 SAILXT AdN

avda yve 0000S°T TINNS - - SALXT HYO
HYO+AdIN

IN-dVd qve 000T:T  [U-TINAS [ %S-SALXT - SALXT AdN

avda yve 000¥°1 SH-TINNS - - Sd.ILX¢ HSIN-P
UTW ()7 M 008 SABMOIOTW HSN-P+AdN

IN-dVd qve 000T:T  [W-TINAS [T %S-SLLXT (0'9 Hd) 12gnq 21801 100 SAILXT AdN

ava qve 000¢-1 SH-TINNS - - Sd.ILX¢ HYL
UIW ()7 M 00§ SABMOIOTW HYL+HSN-P

IN-dVd qye 00081 SH-TINNS - (0°9 Hd) 1ognq 21e11 WEO'0 NARSY HSIN-»

avda qve 0000S-1 TNNS - - SAILXT HYO
UTW (7 M (08 SABMOIITUI HYO+HSN-0

IN-dVd qve 00081 SH-TINNS - (0°9 Hd) 19nq 27BN NEO'0 Sd.ILX¢ HSIN-©

avda qvec 00S°1T AMW-TINAS AW %S—SAILXT - SAIXT AdN
U )g M 008 2ABMOIITUX AIN+HSIN-P

IN-9VAd qve 00081 SH-TINNS - (0'9 Hd) 12gnq 238010 NEO'0 NARSY HSIN-P

yuswdoraAap awmn Iagnq ynq

mopo) Sunpeqmouy  uonnprg Suneqnouy  1dPnq Supporg [easnar wadnuy  Surysepy  sarpoquuy oquio)

206



Progesterone receptor distribution in the human hypothalamus and its association with suicide

207

‘suourtoy SurseapaI-urdon oAy} ‘Hy.L

QUIfes paIdINq-siI) ‘S ], ‘Une)solewos WOS 101dedar suoraisaford g umoifxo X X spndadomau X N undadssny ‘TSI sad£1osT Yd O dA-usSnue 914£003na]
uewny Y ‘Od dd-VTH ‘eypp-umjoxd srpoe Lre[uqy [ers «Q-gv4o uwjoid orpoe Lrefuqy [ens qy4o urueeS “Ty o urgdioudp ‘NAJ o¥oTU-UIPIZUIOUTWRIP- £°¢
IN-V{ QuIplzusqourweIp- ¢‘¢ ‘qy( uourioy m:_mmoﬁuu-c_moboﬁts D ‘urssaxdosea suruidre JAY uourioy m:ﬁﬁ:ﬁ:m.o«%uocﬁuﬁ-m:&m ‘HSIA -0 :suonyviaaiqqy
*3s1 210J2q d1eddI "SIATOSSIP I [IIUN XTW ‘TIANS W 00T Ul 1opmod i 8 g ppe [Iw-[ANS €

"a8pLIy UT 9101G W §°() X-UOILIL, PPe ‘SIAJOSSIp J1 [un 1wt ‘unefod ayy yeay 92 Hd ‘Sg.1x¢ [wr 001 ut uneps 8 ¢z°o ares ySry-xruradns :SH-TINNS ¢

*28pLIy UT 103G TW §°() X-UOILIL, PPe ‘SIAJOSSIP J1 [Hun Xrur ‘unjead oy jeay 92 Hd ‘Sg1xT [wr 001 ut unepps 8 ¢z o xrwradns :[ANS,

230N
avda qyve 0000<+1 IINNS - - SAIXI HYO
UIW ()7 M (08 SABMOIDTW HIO+THAL
IN-dVd qve 000%°1 SH-TINNS - (09 Hd) 19gnq AenO WEO'0  SILXE HYL
avda qvec 00S°T AMW-TANNS - AT %S —SELXT - SAIXI AdN
UTW ()7 M 008 ABMOIDTW AdN+HYL
IN-dVd qve 000%+1 SH-TINNS - (09 Hd) 19gnq enO WEO'0  SELXE HY.L
avda qyve 00071 SH-TINNS - - SdIXx¢ HSIN-»P
UIW ()7 M ())§ ABMOIDTWI HSIN-P+HY.L
IN-dVd 74 000¥%°1 SH-TNNS - (09 Hd) 1oynq 2eND NEO'0  SALXE HYL
ava qvc 000¢:1 SH-TINNS - - SdIXx¢ HY.L
UIW ()7 M )08 SABMOIDTW HIL+HID
IN-dVAd qve 00000T-T INNS - (09 Hd) 19gnq 276D WI0'0  SILXT HYIO
juswrdoaAap awn 1ynq 1ynq

amojo) Suneqnouy  uonnig  JSuneqnouy  Jognq Sunporg [eAdtnaI wadnuy  Surysepy  sarpoqnuy oquo)




Chapter 6

Table S4. Alterations in peptide neuron expression in the INF (POMC-ir, PR/POMC-ir, sSPOMC,
NPY-ir, PR/NPY-ir and sNPY) and PVN (CRH-ir and TRH-ir) neurons in relation to MD, legal
euthanasia and suicide.

Comparison Fold change Global-P BHadj-P
POMC-TN MD/CTR 1.40 0.15
CE/CN 1.60 0.01 0.36
MDE/CE -1.70 0.01 0.69
MDN/CE -1.11 0.01 0.47
MDS/CE 1.35 0.01 0.09
MDE/CN -1.06 0.01 0.82
MDN/CN 1.45 0.01 0.84
MDS/CN 2.16 0.01 0.002
MDE/MDN -1.53 0.01 0.81
MDS/MDE 2.29 0.01 0.02
MDS/MDN 1.49 0.01 0.008
POMC-TV MD/CTR 1.18 0.27
CE/CN -1.13 0.33
MDE/CE -1.08 0.33
MDN/CE 1.09 0.33
MDS/CE 1.41 0.33
MDE/CN -1.21 0.33
MDN/CN -1.03 0.33
MDS/CN 1.26 0.33
MDE/MDN -1.18 0.33
MDS/MDE 1.53 0.33
MDS/MDN 1.30 0.33
PR/POMC-TN MD/CTR 1.29 0.28
CE/CN 1.04 0.001 0.58
MDE/CE 1.57 0.001 0.81
MDN/CE -3.02 0.001 0.20
MDS/CE 3.30 0.001 0.02
MDE/CN 1.63 0.001 0.42
MDN/CN -2.91 0.001 0.44
MDS/CN 3.43 0.001 0.002
MDE/MDN 4.74 0.001 0.06
MDS/MDE 2.10 0.001 0.03
MDS/MDN 9.97 0.001 0.00004

208



Progesterone receptor distribution in the human hypothalamus and its association with suicide

Comparison Fold change Global-P BHadj-P
PR/POMC-TV MD/CTR 1.10 0.25
CE/CN 1.06 0.003 0.58
MDE/CE 1.00 0.003 0.81
MDN/CE -2.73 0.003 0.21
MDS/CE 2.11 0.003 0.04
MDE/CN 1.06 0.003 0.39
MDN/CN -2.57 0.003 0.53
MDS/CN 2.24 0.003 0.002
MDE/MDN 2.72 0.003 0.06
MDS/MDE 2.11 0.003 0.04
MDS/MDN 5.76 0.003 0.0002
sPOMC-TN MD/CTR 1.48 0.26
CE/CN 1.52 0.22
MDE/CE -1.70 0.22
MDN/CE 1.14 0.22
MDS/CE 1.10 0.22
MDE/CN -1.12 0.22
MDN/CN 1.73 0.22
MDS/CN 1.67 0.22
MDE/MDN -1.93 0.22
MDS/MDE 1.87 0.22
MDS/MDN -1.03 0.22
NPY-TN MD/CTR -3.45 0.0007 0.005
CE/CN 2.19 0.0007 0.12
MDE/CE -15.87 0.0007 0.00002
MDN/CE -4.32 0.0007 0.008
MDS/CE -4.31 0.0007 0.008
MDE/CN -7.27 0.0007 0.0006
MDN/CN -1.97 0.0007 0.40
MDS/CN -1.97 0.0007 0.15
MDE/MDN -3.68 0.0007 0.02
MDS/MDE 3.69 0.0007 0.03
MDS/MDN 1.00 0.0007 0.93
NPY-TV MD/CTR -1.69 0.05
CE/CN 1.74 0.01 0.20
MDE/CE -4.46 0.01 0.001
MDN/CE -1.63 0.01 0.20
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Comparison Fold change Global-P BHadj-P
MDS/CE -1.68 0.01 0.06
MDE/CN -2.55 0.01 0.01
MDN/CN 1.07 0.01 0.98
MDS/CN 1.04 0.01 0.55

MDE/MDN -2.74 0.01 0.02

MDS/MDE 2.65 0.01 0.03

MDS/MDN -1.03 0.01 0.67

PR/NPY-TN MD/CTR -3.03 0.39
CE/CN 3.85 0.19

MDE/CE N.A. 0.19

MDN/CE -7.02 0.19

MDS/CE -1.75 0.19

MDE/CN N.A. 0.19

MDN/CN -1.82 0.19

MDS/CN 2.20 0.19

MDE/MDN N.A. 0.19

MDS/MDE N.A. 0.19

MDS/MDN 4.01 0.19

PR/NPY-TV MD/CTR -3.03 0.20
CE/CN 1.96 0.15

MDE/CE N.A. 0.15

MDN/CE -2.51 0.15

MDS/CE -2.10 0.15

MDE/CN N.A. 0.15

MDN/CN -1.29 0.15

MDS/CN -1.07 0.15

MDE/MDN N.A. 0.15

MDS/MDE N.A. 0.15

MDS/MDN 1.20 0.15

sNPY-TN MD/CTR -3.45 0.0004 0.004

CE/CN 1.88 0.0006 0.12

MDE/CE -12.91 0.0006 0.00002
MDN/CE -4.38 0.0006 0.008
MDS/CE -4.60 0.0006 0.008
MDE/CN -6.85 0.0006 0.0006
MDN/CN -2.33 0.0006 0.39
MDS/CN -2.44 0.0006 0.10
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Comparison Fold change Global-P BHadj-P
MDE/MDN -2.95 0.0006 0.02
MDS/MDE 2.81 0.0006 0.03
MDS/MDN -1.05 0.0006 0.91
CRH-TN MD/CTR -2.08 0.44
CE/CN -23.36 0.17
MDE/CE 5.10 0.17
MDN/CE 9.00 0.17
MDS/CE 33.95 0.17
MDE/CN -4.58 0.17
MDN/CN -2.60 0.17
MDS/CN 1.45 0.17
MDE/MDN -1.76 0.17
MDS/MDE 6.65 0.17
MDS/MDN 3.77 0.17
CRH-TV MD/CTR 1.38 0.21
CE/CN -2.55 0.21
MDE/CE 1.39 0.21
MDN/CE 3.27 0.21
MDS/CE 4.04 0.21
MDE/CN -1.83 0.21
MDN/CN 1.29 0.21
MDS/CN 1.59 0.21
MDE/MDN -2.35 0.21
MDS/MDE 2.90 0.21
MDS/MDN 1.23 0.21
TRH-TN MD/CTR -1.08 0.76
CE/CN 2.46 0.008 0.12
MDE/CE 2.27 0.008 0.78
MDN/CE -5.55 0.008 0.13
MDS/CE -11.48 0.008 0.02
MDE/CN 5.58 0.008 0.01
MDN/CN -2.26 0.008 0.98
MDS/CN -4.67 0.008 0.40
MDE/MDN 12.61 0.008 0.02
MDS/MDE -26.01 0.008 0.005
MDS/MDN -2.07 0.008 0.64
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Comparison Fold change Global-P BHadj-P
TRH-TV MD/CTR 1.05 0.78
CE/CN 3.51 0.07
MDE/CE 1.05 0.07
MDN/CE -5.48 0.07
MDS/CE -8.56 0.07
MDE/CN 3.76 0.07
MDN/CN -1.56 0.07
MDS/CN -2.43 0.07
MDE/MDN 5.86 0.07
MDS/MDE -9.15 0.07
MDS/MDN -1.56 0.07
Note: N.A., data incalculable as PR/NPY-TN and PR/NPY-TV in MDE are 0.
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Progesterone receptor distribution in the human hypothalamus and its association with suicide

Figure S1. Progesterone receptor in the human hypothalamic nuclei. (A) Nuclear PR expression in
the anterior hypothalamus. Higher magnification of the areas plotted in schematic figure a are shown
in (b-f). Colors of the dots correspond to the frames. (B) Nuclear PR expression in the posterior
hypothalamus. Higher magnification of the areas plotted in schematic figure a are shown in (b-d).
Colors of the dots correspond to the frames. (C) Nuclear PR expression in the infundibular nucleus of
22 gestational weeks. (D) A brief plotting of PR expression in the hypothalamic nuclei across age and
gender. (E) Cytoplasmic PR expression in the CP between a control male (a) and a control female (b).
Empty arrows reveal the cuboidal epithelium while solid arrowheads show the columnar epithelium.
As columnar epithelium represents an earlier stage of choroid plexus development than cuboidal
epithelium, we thus assume that progesterone receptor has a preference for selective expression on
more immature cells in males. Scale bars: 100 pm.

Abbreviations: 3V, third ventricle; ac, anterior commissure; BST, bed nucleus of the stria terminalis; BSTc, central
nucleus of the bed nucleus of the stria terminalis; BSTI, lateral nucleus of the bed nucleus of the stria terminalis;
BSTm, medial nucleus of the bed nucleus of the stria terminalis; BSTp, posterior nucleus of the bed nucleus of the
stria terminalis; BV, blood vessel; CAL, accumbens nucleus, lateral part; cdm, medial caudate nucleus; CP, choroid
plexus; DBB, diagonal band of Broca; DMN, dorsomedial nucleus; DPe, dorsal periventricular nucleus; EC, ependymal
cells; EGP, external globus pallidus; fx, fornix; gw, gestational weeks; hDBB, horizontal limb of the diagonal band of
Broca; IC, internal capsule; INE infundibular nucleus; ithp, inferior thalamic peduncle; LHA, lateral hypothalamic
area, LS, lateral septum; LV, lateral ventricle; MPO, medial preoptic area; NBM, nucleus basalis of Meynert; NTL,
nucleus tuberalis lateralis; ot, optic tract; ox, optic chiasm; PeVN, periventricular nucleus; POA, preoptic area; PR,
progesterone receptor; PT, paratenial thalamic nucleus; PVN, paraventricular nucleus; SCN, suprachiasmatic nucleus;
SDN, sexually dimorphic (or intermediate) nucleus; SON, supraoptic nucleus; ST, stria terminalis; SVZ, subventricular
zone; TM, tuberomammillary hypothalamic nucleus; VMN, ventromedial nucleus; VPe, ventral periventricular
nucleus; y, years; ZI, zona incerta.
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Figure S2. Double staining of PR-ir cells with different neuropeptides in the VPe, SCN and SDN.
(A) (a) Schematic illustration of VPe in the human hypothalamus. PR-ir cells in the VPe express
CRH (b) and TH (c), but not DYN (d, shown by *). (B) (a) Schematic illustration of SCN in the
human hypothalamus. PR-ir cells in the SCN did not express AVP (b) or DYN (¢, shown by *). (C)
(a) Schematic illustration of SDN in the human hypothalamus. PR-ir cells in the SDN did not express
GAL (b, shown by *). Scale bars: 20 um.

Abbreviations: AVP, arginine vasopressin; CRH, corticotropin-releasing hormone; DYN, dynorphin; GAL, galanin; ir,
immunoreactive; PR, progesterone receptor; SCN, suprachiasmatic nucleus; SDN, sexually dimorphic (or intermediate)
nucleus; TH, tyrosine hydroxylase; VPe, ventral periventricular nucleus.
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Progesterone receptor distribution in the human hypothalamus and its association with suicide

Figure S3. POMC-ir and SOM-ir neurons in the INE. A bi-nuclear POMC neuron (A) and a bi-
nuclear SOM neuron (B). Arrowheads point at the two nucleoli in one neuron. Scale bars: 20 pm.

Abbreviations: INE, infundibular nucleus; POMC, pro-opiomelanocortin; PR, progesterone receptor; SOM,
somatostatin.
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Figure S4. Sample distribution patterns of CRH-ir and TRH-ir neurons in the PVN. (A) A control
subject who died by natural causes (CN). (B) A control subject who died of legal euthanasia (CE).
(C) A patient with MD who died by natural causes (MDN). (D) A patient with MD who died of
legal euthanasia (MDE). For each section, the total numbers of CRH-ir and TRH-ir neurons were
determined by calculating the areas under the curve. A subject has been included only when the
complete CRH or TRH cell areas are contained within the measured slides.

Abbreviations: CRH, corticotropin-releasing hormone; PVN, paraventricular nucleus; TRH, thyrotropin-releasing
hormone.
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Figure S5. Total number of NPY (A) and POMC (B) neurons and their subsets, CRH (C) and TRH
(D) total neurons in the controls and patients with MD between males and females.

Abbreviations: CF, control females; CM, control males; CRH, corticotropin-releasing hormone; MD, mood disorders;
MDEF, female patients with mood disorders; MDM, male patients with mood disorders; NPY, neuropeptide Y; POMC,
pro-opiomelanocortin; sSNPY, NPY neurons that did not express PR; sPOMC, POMC neurons that did not express PR;
TRH, thyrotropin-releasing hormone. Note: ** indicates 0.001 < P < 0.01.
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