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lifestyle-related factors

Graphical abstract

%

1

W =

£ J "L

AN
&
C/ ) t:,‘_
el S O 42
W O—ELS

Adult hippocampal neurogenesis

Major depression

Schizophrenia

Neurogenic niche

Highlights

® The proliferation of neural stem cells and neuroblasts is
impaired in psychiatric disorders

® Newborn neuron maturation is differentially affected in
distinct psychiatric disorders

® The homeostasis of the dentate gyrus is altered in patients
with psychiatric disorders

® Demographics and lifestyle-related factors modulate human

adult hippocampal neurogenesis

Marquez-Valadez et al., 2025, Cell Stem Cell 32, 1-18

October 2, 2025 © 2025 The Author(s). Published by Elsevier Inc.

https://doi.org/10.1016/j.stem.2025.08.010

Authors

Berenice Marquez-Valadez,
Marta Gallardo-Caballero,
Maria Llorens-Martin

Correspondence
m.llorens@csic.es

In brief

Marquez-Valadez and colleagues show
that neuropsychiatric disorders alter the
generation of new neurons in the adult
human brain. Major depression,
schizophrenia, and bipolar disorder
disrupt early stages of hippocampal
neurogenesis and its supportive
environment, with lifestyle factors further
modulating these effects—even in
healthy individuals.
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SUMMARY

Adult hippocampal neurogenesis (AHN) regulates hippocampal-dependent functions and is targeted by
physiological aging and neurodegenerative conditions. Patients with neuropsychiatric disorders show hip-
pocampal abnormalities that might be related to changes in AHN. Here, we sought to determine whether ma-
jor depression, schizophrenia, and bipolar disorder threaten the integrity of human AHN and the homeostasis
of the dentate gyrus (DG) neurogenic niche—a specialized microenvironment in which new neurons grow.
Our results show that the initial and intermediate stages of AHN, as well as distinct components of the niche,
are selectively affected in these disorders. Demographics and various lifestyle-related factors (such as the
consumption of alcohol and drugs of abuse) modulate both AHN and the cells that compose the niche,
not only in patients with these disorders but also in neurologically healthy control individuals. These data

might be relevant for the design of future strategies to treat and prevent mental health conditions.

INTRODUCTION

The mammalian hippocampus generates new neurons
throughout life."? New dentate granule cells (DGCs) participate
in hippocampal-dependent functions by regulating learning,
forgetting, and mood.*>" Recent single-cell RNA sequencing®’
and histological®® studies have started to unveil human adult
hippocampal neurogenesis (AHN) trajectories and show that
the human dentate gyrus (DG) hosts neural stem cells (NSCs)
with proliferative capacity, neuroblasts, and immature neurons
at distinct stages of maturation up to at least the tenth decade
of life. The occurrence of AHN is supported by a specialized
microenvironment, namely the DG neurogenic niche, which is
enriched in glial and vascular elements.®'° In this niche, micro-
glia mediate surveillance and pruning mechanisms,’" whereas
astrocytes provide trophic support to developing neurons and
neural precursors.'? Moreover, the profuse network of microca-
pillaries that irrigates the subgranular zone (SGZ) modulates the
response of AHN to physiological and pathological stimuli."°
The hippocampus is particularly vulnerable to both physiolog-
ical aging and neurodegenerative diseases. Moreover, structural
abnormalities in this brain region are frequently observed in indi-
viduals with psychiatric disorders, contributing to impaired
cognitive performance, disturbances in emotional regulation,

and diminished ability to carry out everyday tasks.'®"'® Although
animal models of psychiatric conditions show AHN impair-
ments,*'® their limited translational validity in capturing the full
complexity of human mental disorders highlights the urgent
need for studies to determine whether alterations in AHN under-
lie the hippocampal abnormalities observed in affected patients.
To address this question, we sought to determine whether the
integrity of human AHN and the DG neurogenic niche are
affected in patients with major depression (MD), schizophrenia
(SCH), and bipolar disorder (BD). Our analysis used high-quality
post-mortem hippocampal samples from the well-characterized
neuropathology consortium provided by the Stanley Medical
Research Institute (SMRI), including 14 neurologically healthy
control subjects and 15 individuals per diagnostic group. Sam-
ples were processed under rigorously standardized conditions
and quantified through unbiased stereological methods.

Given that AHN in animal models is modulated by both intrinsic
and extrinsic cues, we further explored how human AHN and key
components of the DG neurogenic niche vary according to de-
mographic variables and lifestyle-related factors. This integrative
framework—combining diagnostic status, demographic and
behavioral parameters, and cell-type-specific neurogenic
profiling—aims to deepen our understanding of the multifactorial
regulation of human AHN. In light of the scarcity of high-quality
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human tissue and the translational limitations of preclinical
models, our study offers crucial insights into AHN biology in
health and disease, laying the groundwork for more precise ther-
apeutic interventions to restore neuroplasticity in neuropsychi-
atric disorders.

RESULTS

AHN in neurologically healthy control subjects

We first examined a cohort of 14 neurologically healthy middle-
aged adult control subjects (Figures 1, 2, S1, and S2). In line
with previous observations,®'” we detected a population of cells
that expressed NSC markers, such as SRY (sex-determining re-
gion Y)-box 2 (Sox2) and vimentin, but lacked expression of
S100 calcium-binding protein B (S100f), a mature astrocyte
marker, thereby confirming their NSC phenotype (Figures 1A
and 1B).'® Moreover, ~48% of vimentin® cells expressed the
proliferation marker phospho-histone 3 (PH3) while lacking
S100pB expression (Figures 1A and 1C). The remaining (PH3')
NSCs may be considered presumably quiescent, thereby sup-
porting the notion of preserved AHN throughout life.'® These
data are the first to histologically identify a population of NSCs
with in vivo proliferative capacity in the adult human DG. In light
of the age-associated increase in NSC quiescence during phys-
iological aging,'®?° the inclusion of middle-aged control sub-
jects (~45 years) likely enhanced the detection sensitivity for
the identified cluster of proliferative NSCs, which had eluded
previous histological characterization. Moreover, the use of un-
fixed fresh-frozen brain samples, thin’' glass-slide-mounted
sections, a short 10-min fixation protocol, thorough tissue per-
meabilization, and an anti-vimentin antibody that is highly reac-
tive against the human epitope (Figure S2 and key resources
table) facilitated the detection of proliferative NSCs relative to
previous studies. Likewise, identifying these proliferative NSCs
at the transcriptomic level required the application of refined
single-nucleus RNA sequencing and machine-learning ap-
proaches.” An example of an NSC with a long vertical process
is shown in Figure 1A. These cells were predominantly located
at the SGZ (Figure 1D). This region corresponds to the hilar
border of the granule cell layer (GCL) and it forms the DG prolif-
erative niche.?> During AHN, dividing NSCs give rise to prolifer-
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ating neuroblasts, which express doublecortin (DCX) and HuC-
HuD® (Figures 1E-1G) and constitute the majority of proliferating
cells inthe human DG.° DCX* HuC-HuD* neuroblasts showed an
immature morphology with elongated nuclei and horizontal
neurites (Figures 1G-11). Upon commitment to the neuronal line-
age, immature DGCs first expressed polysialylated-neural cell
adhesion molecule (PSA-NCAM) and, subsequently, calbindin
(CB) (Figures 1E and 1F), while showing a single, vertically ori-
ented, primary apical dendrite.®°

AHN is orchestrated by complex crosstalk established be-
tween the microglia, astrocytes, and blood vessels/capillaries
that make up the SGZ neurogenic niche®'® (Figures 1J-1S).
Compared with the GCL, the SGZ was particularly enriched
in Ibal* microglia and S100p* astrocytes (Figures 1J-1L),
as well as Ulex Europaeus Agglutinin-I (UEA1)* capillaries
(Figures 1M-1S). As in the mouse hippocampus,'® the human
SGZ vasculature shows distinctive characteristics. In particular,
SGZ UEA1* capillaries were thinner (Figure 10), longer
(Figure 1P), equally tortuous (Figure 1Q), and had more branches
(Figure 1R) and junctions (Figure 1S) than those of the GCL.
Taken together, our data reveal that the human SGZ is markedly
enriched in glial and complex vascular elements, two classical
hallmarks of neurogenic niches,?® thereby strongly supporting
the potential of this region to facilitate the generation of new neu-
rons throughout life.

We next explored the impact of demographics and alcohol
consumption on AHN and the DG neurogenic niche in control in-
dividuals. We observed a decline in the area of the SGZ occupied
by UEA1* capillaries, as well as in the length and the number of
branches and junctions of total UEA1* capillaries (Figures 2A-
2G) with age. This observation is consistent with the decreased
vascularization and angiogenesis reported during aging,”>** as
well as with histopathological evidence indicating that anatom-
ical alterations in small vessels contribute to age-associated
reductions in cerebral blood flow and subsequent cellular
degeneration.?® Together with impaired microglial phagocytic
capacity,” the reduction in SGZ vascularization and capillary
complexity indicate that halted neurogenic niche functioning
may underlie age-driven AHN decline in humans.®*® Given that
the DG is a major target of gonadal hormone signaling,”” we as-
sessed the impact of biological sex on the parameters analyzed.

Figure 1. AHN and DG neurogenic niche in neurologically healthy control subjects
(A) Vimentin* phospho-histone 3 (PH3)* S100 calcium-binding protein B (S100p) proliferative neural stem cell (NSC).

D) Positioning of vimentin* PH3* S100p’ cells.

(
(
(
(
(
(G) Morphology of a DCX* HuC-HuD* neuroblast.
(
(

J) Iba1 staining.

B) Density of SRY (sex-determining region Y)-box 2 (Sox2)*, vimentin* S100p’ , and PH3* cells.
C) Percentage of vimentin* cells that express PH3 but lack S100f expression out of the total number of vimentin* cells.

E) Density of HuC-HuD™, doublecortin (DCX)*, polysialylated-neural cell adhesion molecule (PSA-NCAM)*, and total dentate granule cells (DGCs).
F) Percentage of DCX* immature DGCs that express Huc-HuD, PSA-NCAM, and calbindin (CB).

H and 1) Number (H) and orientation (I) of neurites in DCX* HuC-HuD™* neuroblasts.

(K and L) Density (K) and positioning (L) of Iba1* microglia and S100p* astrocytes.

(M) Vascularization of the human DG and digitalization of Ulex Europaeus Agglutinin-I (UEA1)* vascular skeleton in Fiji.

(N) Total area occupied by UEA1™* capillaries in the granule cell layer (GCL) and subgranular zone (SGZ).

(O-S) Thickness (O), normalized length (P), tortuosity index (Q), and number of branches (R) and junctions (S) of UEA1™ capillaries.

n = 14 neurologically healthy control subjects.

Graphs represent mean values + SEM. ML, molecular layer; H, hilus. Yellow scale bar: 20 pm. Yellow triangle: proliferative NSC. Magenta triangles: neurites.
Green triangle: microglia. White triangle: pycnotic nucleus. Orange triangles: capillaries.

**0.01 > p > 0.001; **p < 0.001.
Detailed results of statistical comparisons are shown in Data S1.
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Correlations between vascularization and the age of neurologically healthy control subjects.
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Female subjects showed a reduction in the percentages of
immature DGCs in the GCL (Figure 2H) but an increase in the
area of DGC nuclei (Figure 2J). We also observed a decreased
density of S100p* astrocytes in females compared with males
(Figure 2I). This finding aligns with previous reports describing
reduced astrocytic glucocorticoid receptor expression®® and
sex-dependent alteration of transcriptional profiles.?® Alcohol
consumption altered the positioning and morphology of imma-
ture DGCs and neuroblasts (Figures 2K and 2L), reduced the nu-
clear area of DGCs (Figures 2M and 2Q), increased Iba1* GCL
microglia (Figure 2N) and the SGZ/GCL capillary thickness ratio
(Figure 20), and reduced the density of cells positive for phos-
phorylated H2AX (yH2AX), a marker of DNA damage/repair>°
(Figure 2P). These results point to an altered DG microenviron-
ment in alcohol consumers. To further study the potential
dose-dependent effects of alcohol consumption, we performed
an analysis based on daily alcohol intake categories (see STAR
Methods section). In this context, although previous studies
have reported reductions in the number of NSCs®" in individuals
with high levels of alcohol consumption, as well as in mature®?
and immature®' DGCs, our results did not reveal additive effects
of high-dose alcohol exposure on AHN in neurologically healthy
controls.

Our data show the presence of proliferative NSCs and neuro-
blasts, and also immature neurons at distinct differentiation
stages, in the adult human DG and reveal the modulation of
AHN and the cellular composition of the DG neurogenic niche
by demographic factors and alcohol consumption in healthy
adults.

AHN in patients with MD

MD, which is characterized by persistent low mood, sadness,
despair, and anhedonia, is one of the primary causes of disease
burden and disability worldwide. Patients with MD show diverse
hippocampal structural abnormalities,’® including volume re-
ductions.®® Given the pro-neurogenic effect of antidepressants
in mice,* impaired AHN has been proposed to underlie the
aforementioned alterations.®® Previous studies report un-
changed®® or decreased proliferation in MD patients,®"*®
although the phenotype of proliferating cells was not addressed.
To tackle this question, here we sought to determine whether the
entire AHN trajectory and the integrity of the DG neurogenic
niche were altered in patients with this disorder (Figures 3, 4,
S1, and S3-S5). Our results revealed decreased cell proliferation
(Figure 3B). These changes were not attributed to S100p* astro-
cytes or vimentin' S100p" cells (Figures 3D and S3D).
Conversely, the density (Figures 3A and 3B) and proliferative ca-
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pacity of vimentin® S100B’ NSCs were reduced, as shown by
the decreased percentage and density of vimentin* S100B’
NSCs expressing PH3 (Figures 3C-3E). Moreover, the dimin-
ished density of HuC-HuD™ cells (Figures 3F and 3G) and the per-
centage of DCX* cells expressing HUC-HuD (Figure 3H) also
pointed to reduced neuroblast proliferation in these patients.
Conversely, unchanged densities of mature DGCs and DCX*
and PSA-NCAM™* immature DGCs (Figure 3F) were observed.
Neither the percentages of the subpopulations of the latter
(Figure 3H), their morphology/positioning (Figures 31-3K, S3I-
S3K, S3P, and S3Q), nor the ratios reflecting early differentia-
tion/proliferation (Figure S3B) and late/early differentiation
(Figure S3C) were altered, thereby suggesting a selective impact
of MD on the initial stages of AHN. Negative correlations be-
tween age and the density of proliferative NSCs (Figures 4A
and S5A) and immature DGCs (Figure 4B) were detected in these
patients. Female subjects presented further decreased densities
(Figure 4C) and percentages (Figure 4E) of differentiated DGCs
but showed an increased proportion of immature counterparts
(Figure 4D). Similarly, the higher proportion of horizontal neurites
in DCX* cells (Figure 4F) points to impaired DGC maturation
in female patients. In this regard, previous studies have
reported either sex-dependent effects®**° or no significant influ-
ence®”*841 of biological sex on AHN in patients with MD. How-
ever, female subjects show a higher prevalence of MD and an
increased odds ratio for antidepressant treatment resistance
relative to their male coun’(erparts.42 In addition, alcohol con-
sumption increased the percentage of SGZ neuroblasts
(Figure 4H) and immature DGCs (Figure 4l). These alterations in
positioning were aggravated in a dose-dependent manner
(Figures 4J and 4K).

We observed unchanged densities of microglia and astrocytes
in patients with MD (Figures 3L and 3M), a finding that is in line
with previous studies.*'** However, we observed increased tor-
tuosity of both total and SGZ UEA1™ capillaries (Figures 3N, 30,
and S4), indicating alterations in the geometric organization of
the vasculature network and potentially affecting microcircula-
tory efficiency and tissue perfusion.** Notably, several authors
have proposed that cerebrovascular dysfunction is a contrib-
uting factor to the pathophysiology of MD.*® Accordingly, we
observed that vascular changes correlated positively with dis-
ease duration (Figures S5B-S5D), while both vascular and mi-
croglial alterations showed negative correlations with the age
at disease onset (Figures S5E and S5F). A higher percentage
of astrocytes (Figure 4G) and decreased vascularization
(Figure S5H) were detected in the SGZ of females, and increased
capillary tortuosity in the GCL (Figure S5I) was observed in

Figure 2. Statistically significant comparisons of data obtained from neurologically healthy control subjects
(A-G) Statistically significant correlations between the age of the subject and area of the subgranular zone (SGZ) occupied by Ulex Europaeus Agglutinin-1 (UEA1)*
capillaries (%) (A), normalized length of total (granule cell layer [GCL] + SGZ) (B), and SGZ (C) UEA1™ capillaries, total (D) and SGZ (E) number of branches of UEA1*

capillaries, and total (F) and SGZ (G) number of junctions of UEA1™ capillaries.

(H-Q) Statistically significant comparisons of data obtained from healthy control subjects stratified by biological sex (H)—(J) and alcohol consumption (K)-(Q). (H)
Location of doublecortin (DCX)*, polysialylated-neural cell adhesion molecule (PSA-NCAM)*, and immature dentate granule cells (DGCs). (I) Density of S100
calcium-binding protein B (S100p)* astrocytes. (J) Area of the nucleus of DGCs. (K) Location of DCX* immature DGCs. (L) Neurite orientation of DCX* HuC-HuD*
neuroblasts. (M) Area of the nucleus of DGCs. (N) Location of Iba1* microglia. (O) SGZ/GCL capillary thickness ratio. (P) Density of phosphorylated H2AX (yH2AX)*

cells. (Q) Area of the nucleus of DGCs.

F, female; M, male. n = 14 neurologically healthy control subjects. Graphs represent mean values + SEM.

*0.05 > p > 0.01; **0.01 > p > 0.001; and **p < 0.001.
Detailed results of statistical comparisons are shown in Data S1.
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subjects who committed suicide. The consumption of high
doses of alcohol increased the density of Ibal® microglia
(Figure S5M), altered the location of YH2AX* cells (Figure S5N),
and further aggravated vascular alterations (Figure S50).

These data indicate that the early phases of ANH—NSC and
neuroblast proliferation in particular—as well as the vasculature
are predominantly affected in MD. These changes were further
exacerbated by age, female sex, early disease onset, high
alcohol intake, and suicide. Notably, female patients and sub-
jects consuming alcohol also showed impaired DGC
differentiation.

AHN in patients with SCH

Patients with SCH present positive (psychotic), negative, and
cognitive symptoms. They experience hippocampal-dependent
memory impairments, which are linked to reduced hippocampal
activity*® and volume,*”**® whereas positive symptoms are
attributed to hippocampal hyper-activation.”® Despite un-
changed total cell numbers,*° patients with SCH were reported
to show reduced hippocampal proliferation.>®°" To shed further
light on these alterations, we sought to thoroughly examine each
AHN stage and the components of the neurogenic niche in pa-
tients with this disorder (Figures 5, S1, and S6-S8). They showed
reduced densities of vimentint S100p’ (Figure 5C), PH3*
(Figures 5A=5C), and vimentin* PH3* S100p’ cells (Figures 5E
and 5F), thereby pointing to a reduced density and impaired pro-
liferation capacity of NSCs. It should be noted that, like patients
with MD, those with SCH showed no changes in the proliferation
of S100p* astrocytes (Figures 5E and S6D). Conversely, the den-
sity of vimentin’ S100p" cells is decreased in patients with SCH
(Figure 5E). Moreover, the lower density of HuC-HuD* prolifera-
tive neuroblasts (Figures 5G and 5H) and reduced percentage
(Figure 5l) and density (Figure S6A) of DCX* cells expressing
HuC-HuD also suggest impaired neuroblast proliferation. The
higher densities of DCX* and PSA-NCAM* immature DGCs
(Figure 5G) were paralleled by an increase in the early differenti-
ation/proliferation ratio (Figure S6B). These alterations occurred
in the absence of positioning and morphological alterations
(Figures 5J-5L, S6J, and S6K), together with an unchanged ratio
of late/early differentiation of DCX* cells (Figure S6C). Taken
together, these results point to increased early cell survival or
lengthening of the early differentiation phases of immature
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DGCs in SCH. No correlations between patient age and AHN im-
pairments were observed. Female patients showed decreased
densities of DCX* cells in the GCL (Figure 5R), as well as a higher
percentage of proliferative neuroblasts in the GCL (Figure 5S),
whereas the morphology of these cells was altered in subjects
who had committed suicide (Figures S8U and S8V). Alcohol con-
sumption was related to an increased density of differentiated
immature DGCs (Figure 5T). Patients who received a lifetime
dose of anti-psychotics >5,000 mg showed a reduced
density of DGCs (Figure S8AB) and altered positioning of prolif-
erating cells (Figure S8AC) but an increased density of NSCs
(Figure S8AD).

The density of Ibal* microglia and S100p* astrocytes re-
mained unchanged (Figure 5N). However, the increased density
of cells positive for yH2AX (Figures 5M and 5N) might reflect
heightened reactivity of the niche in patients with SCH. A
growing body of evidence supports a significant contribution
of microvascular abnormalities and altered angiogenesis to the
pathogenesis of SCH.°*° Consistent with these findings, we
detected subtle vascular alterations in the DG (Figures 50,
5P, and S7), which became more pronounced with
advancing age (Figures 5Q and S8A-S8G) and correlated with
disease duration (Figures S8H-S8S). Conversely, subjects who
committed suicide presented attenuated vascularization alter-
ations (Figures S8W-S8AA). Consumption of high doses of
alcohol was associated with a reduced proportion of Iba1* mi-
croglia located within the SGZ (Figure SSAE).

These results point to impaired proliferation of NSCs and neu-
roblasts in patients with SCH. These changes were paralleled by
increased densities of immature neurons at early differentiation
stages and enhanced DG reactivity. In general terms, advanced
age, early onset, and longer duration of the disease aggravated
vascular impairments. In addition, female patients and subjects
who committed suicide or consumed alcohol also presented
impaired immature neuron differentiation and alterations in mi-
croglia and the vasculature. Treatment with anti-psychotics
normalized NSC densities.

AHN in patients with BD

BD is a mental health condition that causes unpredictable
changes in mood and behavior, which range from mania to
depression, resulting in significant distress and difficulty in all

Figure 3. AHN and DG neurogenic niche in patients with MD
A) Vimentin* S100 calcium-binding protein B (S100p)" neural stem cell (NSC).

B) Density of SRY (sex-determining region Y)-box 2 (Sox2)*, vimentin* S1008’ , and phospho-histone 3 (PH3)* cells.
C) Percentage of vimentin* cells that express PH3 but lack S100p expression out of the total number of vimentin®* cells.

D) Density of distinct subpopulations of PH3* cells.

E) Density of vimentin® PH3* S100p’ in the granule cell layer (GCL) and the subgranular zone (SGZ).

G) HuC-HuD* proliferative neuroblasts.

H) Percentage of DCX" immature DGCs that express Huc-HuD, PSA-NCAM, and calbindin (CB).

I-K) Cell location (I) and number (J) and orientation (K) of neurites of DCX* cells.
L) Iba1 staining.

M) Density of S1008", Iba1*, and phosphorylated H2AX (yH2AX)* cells.

N) Vascularization of the DG.

(
(
(
(
(
(F) Density of HuC-HuD™*, doublecortin (DCX)*, polysialylated-neural cell adhesion molecule (PSA-NCAM)*, and total dentate granule cells (DGCs).
(
(
(
(
(
(

(O) Tortuosity index of total (GCL + SGZ) and SGZ Ulex Europaeus Agglutinin-I (UEA1)" capillaries.
n = 14 neurologically healthy control subjects and 15 patients with MD. Graphs represent mean values + SEM. Yellow scale bar: 20 um. Yellow triangle: NSC.
Green triangles: HUC-HuD™ neuroblasts. Orange triangles: microglia. White triangles: capillaries.

*0.05 > p > 0.01; **0.01 > p > 0.001; ***p < 0.001.
Detailed results of statistical comparisons are shown in Data S1.
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Figure 4. Statistically significant comparisons of data obtained from patients with MD
(A and B) Statistically significant correlations between the age of the subject and the density of vimentin* phospho-histone 3 (PH3)* S100 calcium-binding protein
B (S100p)" proliferative neural stem cells (NSCs) (A) and doublecortin (DCX)* immature dentate granule cells (DGCs) (B).
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aspects of life. Despite differing diagnostic clinical criteria, SCH
and BD present overlapping symptoms, including cognitive im-
pairments putatively linked to hippocampal dysfunction.®® In
BD patients, increased hippocampal volume may be related to
changes in AHN."* However, solid evidence supporting this affir-
mation remains elusive. To address this question, we sought to
determine whether AHN and the DG neurogenic niche were
affected in BD (Figures 6, S1, and S9-S12). Despite the un-
changed density of NSCs (Figures 6A-6C), the reduced percent-
age of the latter expressing PH3 (Figure 6D), and the decrease in
the density of SGZ vimentin* S1008" PH3* proliferative NSCs
(Figure 6F), pointed to increased NSC quiescence. Proliferative
changes were not related to the proliferation of S100p* astro-
cytes or that of vimentin’ S100p’ cells (Figure 6E). Conversely,
the percentage of DCX' cells that express HuC-HuD was
reduced (Figure 6l), whereas the density of immature DGCs at
early and late differentiation stages was increased (Figures 6G,
6H, and S9A). No changes in their positioning or morphology
(Figures 6J-6L, S9J, and S9K), or in the ratios indicating early dif-
ferentiation/proliferation (Figure S9B) and late/early differentia-
tion (Figure S9C) of these cells, were detected. These data sug-
gest generalized increases in DCX* immature DGC survival
paralleled by reduced proliferation. Female subjects showed
increased percentages of Sox2* cells in the SGZ (Figure 6R)
and a decreased density of immature DGCs (Figure 6S). A nega-
tive correlation between the density of immature DGCs in the
SGZ and age was observed (Figure S11A). Patients who
received lifetime doses of anti-psychotics >5,000 mg presented
an increased percentage of immature DGCs in the SGZ
(Figure S120). Subjects who committed suicide showed an
increased density and percentage of proliferative neuroblasts
(Figures S12G and S12H) and an increased percentage of imma-
ture DGCs in the GCL (Figures S121 and S12J). In patients
with psychosis, more immature DGCs at early differentiation
stages were present (Figure S12K). Higher levels of alcohol
consumption (i.e., moderate to heavy drinking) were associated
with altered percentages and spatial distribution of multiple
cellular subpopulations compared with social drinkers
(Figures S12W-S12AA).

Despite unchanged densities of Iba1* microglia and S100p*
astrocytes, higher densities of yH2AX" cells (Figures 6M and
6N) point to disrupted DG homeostasis. In line with the increased
vascular morbidity,>” hypoperfusion in BD mood episodes, and
hypoactive cerebral blood flow responses to emotional or cogni-
tive challenges®® found in patients with BD, we also observed
altered vascularization in the DG (Figures 60, 6P, and S10).
Some of the vascular and glial impairments negatively correlated
with patient age (Figures 6Q and S11C) and disease onset
(Figure S111) but positively correlated with disease duration
(Figures S11D-S11H). Female sex (Figures 6T-6V and S12B-
S12F), psychosis (Figure S12L), and consumption of drugs of
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abuse (Figures S12M and S12N) also resulted in further glial
and vascular alterations. Treatment with anti-psychotics re-
sulted in increased vascularization (Figures S12P-S12V).

These data reveal impaired NSC and neuroblast proliferation,
increased densities of immature DGCs at early and late matura-
tion stages, and alterations in the components of the DG neuro-
genic niche in patients with BD. Sex-driven AHN alterations were
detected. Advanced age and early onset and longer duration of
the disease, as well as high alcohol consumption, psychotic ep-
isodes, or death by suicide, exacerbated some of the aforemen-
tioned alterations in BD.

DISCUSSION

AHN is a lifelong form of neural plasticity regulated by numerous
intrinsic and extrinsic factors and is impaired in patients with
neurodegenerative diseases.® Growing evidence highlights a
complex interplay between neurodegenerative and psychiatric
disorders, particularly given their overlapping clinical and biolog-
ical features. For instance, Alzheimer’s disease (AD) and MD
share several neuropathological hallmarks, including the dysre-
gulation of the hypothalamic-pituitary-adrenal axis, hippocam-
pal atrophy, and chronic neuroinflammation, all of which may
contribute to AHN impairments.®®° Moreover, studies in mice
have shown that depressive-like behaviors precede amyloid-p
plague deposition, raising the possibility that depression is a pro-
dromal manifestation of AD pathology.®® These observations un-
derscore the importance of investigating disease-specific vs.
shared mechanisms underlying AHN alterations in neurodegen-
erative and psychiatric conditions. In this regard, our data show
that human AHN and the DG neurogenic niche are differentially
affected across distinct neuropsychiatric conditions and are
further shaped by demographic and lifestyle-related factors
(Figure 7). Although patients with neurodegenerative diseases”
show generalized impairments in newborn DGC differentiation,
those with neuropsychiatric diseases are more prominently
affected in the initial AHN stages. Patients with MD and SCH
showed a reduced density of NSCs, whereas those with all three
conditions (MD, SCH, and BD) presented impaired NSC and
neuroblast proliferation. The divergent patterns of AHN disrup-
tion across the diagnostic groups suggest that each condition
engages unique cellular and molecular mechanisms. In MD,
the preserved density and maturation ratios of immature DGCs
point to a selective vulnerability of the early stages of AHN. In
contrast, in SCH and BD, the increased densities of immature
DGCs may reflect compensatory responses to reduced cell pro-
liferation. Specifically, in SCH, the elevated early differentiation/
proliferation ratio among immature DGCs could indicate
enhanced early survival and/or prolongation of initial differentia-
tion phases. In BD, the stability of both the early differentiation/
proliferation and late/early differentiation ratios of DCX* DGCs

(C-N) Data stratified by biological sex (C)~(G) and alcohol consumption (H)-(N). (C) Density of DCX* calbindin (CB)* cells. (D) and (E) Percentage of DCX* pol-
ysialylated-neural cell adhesion molecule (PSA-NCAM)* (D) and DCX* CB™* (E) out of total DCX* cells. (F) Orientation of neurites in DCX* cells. (G) Location of
S100p" astrocytes. (H)—(K) Location of HuC-HuD™ (H) and (J) and PSA-NCAM* (l) and (K) cells. (L)-(N) Normalized length (L) and number of branches (M) and
junctions (N) of Ulex Europaeus Agglutinin-I (UEA1)* capillaries in the granule cell layer (GCL).

F, female; M, male. n = 15 patients with MD. Graphs represent mean values + SEM.

*0.05 > p > 0.01; **0.01 > p > 0.001; ***p < 0.001.
Detailed results of statistical comparisons are shown in Data S1.
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might instead reflect a generalized enhancement of immature
DGC survival or a progressive impairment of neuronal matura-
tion. Although functional studies are necessary to elucidate the
role of immature DGCs in human hippocampal function, the
distinctive neurophysiological properties and connectivity of
these cells demonstrated in murine models®'*®® support the
notion that the observed increase in cell densities and putative
maturation arrest contributes to hippocampal-dependent cogni-
tive and emotional impairments in these patients.

This potential functional significance highlights the importance
of the DG neurogenic niche, a highly specialized microenviron-
ment that tightly regulates the proliferation, differentiation, and
synaptic integration of newborn DGCs, thereby sustaining hip-
pocampal plasticity and function.'® Similar to the mouse hippo-
campus,'? the human SGZ is enriched with complex microcapil-
laries, dynamically shaped by blood flow®® and brain metabolic
demands.®*®° These vessels establish a tri-dimensional plexus
characterized by tight anatomical and functional interactions
with neurons and glia.®® Given the high metabolic demands of
neurogenic niches, it is likely that active angiogenesis and
vascular reabsorption®® contribute to the great structural
complexity of SGZ capillaries and their rapid functional adapta-
tion. Human SGZ microcapillaries, like those in mice, differ from
adjacent GCL vessels. This observation is consistent with math-
ematical models showing topological equivalence between
mouse and human brain capillary networks.®” The rapid adjust-
ment of brain microvasculature in response to fluctuations in
blood flow and neuronal metabolic demand is crucial in neurode-
generative diseases. In these conditions, vascular degeneration
initiates early, with small vessel wall remodeling driven by me-
chanical stress and inflammation,®®°®%° thereby disrupting
endothelial-glial interactions.®® Aging and neurodegenerative
disorders are associated with vascular impairments,** including
capillary occlusions, rarefaction,”””" reduced efficiency to regu-
late flow,”*”® and compensatory vascular changes in the DG.°
Notably, vascular alterations often precede clinical symptoms,®®
causing nutrient deficits that exacerbate disease progression
and cognitive decline.”"”* Although increased vascularization
may facilitate nutrient and oxygen supply, it can also amplify
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pro-inflammatory signals.® Thus, the vascular alterations
observed in psychiatric disorders are likely to compromise
blood-brain barrier integrity and disrupt cellular interactions
within the neurogenic niche, ultimately driving AHN impairments.

Considering the pivotal role of the neurogenic niche microenvi-
ronment, AHN is influenced by a complex interplay of intrinsic and
extrinsic factors, including stress, sex hormones, and lifestyle-
related factors. Epidemiological evidence consistently shows sig-
nificant sex differences in the incidence and prevalence of mental
disorders. Women are at higher risk of mood and anxiety disor-
ders such as MD,”®"® whereas SCH and substance use disorders
are more common in men.”” Although BD shows comparable life-
time prevalence across sexes, women experience a higher
burden of depressive and hypomanic episodes, alongside
increased rates of comorbidities.”®’® These sex-specific patterns
may reflect complex interactions among genetic, hormonal, psy-
chosocial, and environmental influences that shape vulnerability
and symptomatology throughout life.”> Consistent with these
findings, we observed that female subjects with neuropsychiatric
conditions were more prone to showing further impairments in
newborn neuron maturation and differentiation. In addition to fe-
male sex, advanced age, longer disease duration, early onset of
disease, consumption of alcohol and/or drugs of abuse, presence
of psychotic episodes, or death by suicide further aggravated al-
terations not only of AHN but also of the DG niche. To the best of
our knowledge, this is the first study to address the differential
impact of lifestyle-related factors, specifically alcohol consump-
tion, on AHN and the neurogenic niche in neurologically healthy
control subjects and patients with psychiatric disorders. Overall,
alcohol intake influenced the differentiation of immature DGCs
and the composition and spatial organization of the DG neuro-
genic niche. Notably, no dose-dependent effects of alcohol con-
sumption were observed in healthy controls. Conversely, high
consumption of alcohol exacerbated AHN impairments in pa-
tients with psychiatric conditions, particularly those diagnosed
with MD.

Future research should address whether the described alter-
ations in AHN and the DG niche are a causative factor of this dis-
ease or a consequence of other pathological mechanisms

Figure 5. AHN and DG neurogenic niche in patients with SCH

(A and B) Phospho-histone 3 (PH3)* cells in control subjects (A) and patients with SCH (B).
C) Density of SRY (sex-determining region Y)-box 2 (Sox2)*, vimentin* S100 calcium-binding protein B (S100p)’ , and PH3" cells.
D) Percentage of vimentin® cells that express PH3 but lack S100p expression out of the total number of vimentin* cells.

E) Density of distinct subpopulations of PH3* cells.

G) Density of HuC-HuD*, doublecortin (DCX)*, polysialylated-neural cell adhesion molecule (PSA-NCAM)*, and total dentate granule cells (DGCs).

H) HuC-HuD™ proliferative neuroblasts.

(
(
(
(F) Density of vimentin® PH3* S100p’ in the granule cell layer (GCL) and the subgranular zone (SGZ).
(
(
(

1) Percentage of DCX* immature DGCs that express Huc-HuD, PSA-NCAM, and calbindin (CB).
(J-L) Cell location (J) and number (K) and orientation (L) of neurites of DCX™ cells.

M) Phosphorylated H2AX (yH2AX) staining.
N) Density of S100p*, Iba1*, and yH2AX" cells.

P) Normalized ratio of the SGZ/GCL area occupied by Ulex Europaeus Agglutinin-I (UEA1)* capillaries.
Q-T) Statistically significant data obtained from patients with SCH. Data stratified by age (Q), biological sex (R) and (S), and alcohol consumption (T). (Q)
Correlation between the age of the subject and the area occupied by UEA1* capillaries. (R) Density of DCX™" cells in the GCL. (S) Location of HuC-HuD™ cells. (T)

(
(
(O) Vascularization of the DG.
(
(

Density of DCX* CB* cells.

F, female; M, male. n = 14 neurologically healthy control subjects and 15 patients with SCH. Graphs represent mean values + SEM. Yellow scale bar: 20 pm.
Yellow triangles: PH3* cells. White triangles: HuC-HuD* neuroblasts. Green triangles: YH2AX" cells. Orange triangles: capillaries.

*0.05 > p > 0.01; **0.01 > p > 0.001.
Detailed results of statistical comparisons are shown in Data S1.
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driving psychiatric disorders. In this context, it will be critical to
determine the extent to which differences in AHN alterations be-
tween neurodegenerative and psychiatric disorders—where
immature neurons and early proliferative stages, respectively,
appear to be predominantly affected —reflect distinct underlying
mechanisms. Furthermore, whether disruptions in the neuro-
genic niche itself constitute an underlying cause of impaired
AHN remains to be elucidated. These questions are especially
pertinent in light of the growing recognition of human-specific
aspects of AHN and the limited translational validity of current
preclinical models, especially in the context of psychiatric condi-
tions. This study underscores not only the biological and clinical
relevance of human AHN and the DG neurogenic niche but also
the exceptional challenge of obtaining high-quality human brain
samples—an indispensable resource for bridging the gap be-
tween experimental models and human disease. Notably, the
observation that AHN and the DG neurogenic niche are influ-
enced not only by disease state but also by demographic vari-
ables (such as biological sex and age) and modifiable lifestyle
factors suggests that these parameters should be carefully
considered in the design of future therapeutic strategies target-
ing neuroplasticity in the human brain.

Limitations of the study

This is, to the best of our knowledge, the first study to systemat-
ically examine the effects of psychiatric disorders, demographic
variables, and selected lifestyle-related factors on AHN dy-
namics and the structural integrity of the DG neurogenic niche.
However, as with all studies based on post-mortem human tis-
sue, certain experimental constraints must be acknowledged.
First, the availability of high-quality, well-preserved human brain
samples is inherently limited. Moreover, as previously discussed
in detail,®>®" certain antibodies (e.g., the anti-nestin antibody
used in Terreros-Roncal et al.%) may not be compatible with spe-
cific tissue processing protocols (e.g., with the use of Triton
X-100 as a permeabilizing agent). As a result, the use of different
marker combinations to delineate specific cell populations can
contribute to apparent discrepancies in reported cell counts
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and densities across studies.®”®' These technical consider-
ations, along with variability in the stereological methods
applied, may hinder direct cross-study comparisons.®’

In addition, research based on post-mortem material—
including the present work—is inherently limited in its capacity
to explore mechanistic relationships. Nonetheless, the inclusion
of comprehensive antemortem data and clinical metadata repre-
sents a critical step toward contextualizing and interpreting
immunohistochemical observations, as emphasized previ-
ously.®%8" Finally, although this study integrates multiple life-
style-related variables, lifestyle is a complex, multidimensional
construct that cannot be fully captured through a limited number
of discrete categories. The relatively small sample size within
some of the subgroups examined, as well as the practical limita-
tions in fully balancing demographic and diagnostic variables
across all groups, may have constrained our ability to detect
more subtle associations. Future studies with larger, stratified
cohorts and more detailed characterization of lifestyle compo-
nents—such as dietary habits, physical activity, stress exposure,
and sleep patterns—will be essential to refine our understanding
of how modifiable behaviors influence AHN and the human
neurogenic niche.

RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources and reagents should be
directed to, and will be fulfilled by, the lead contact, Maria Llorens-Martin
(m.llorens@csic.es).

Materials availability

No original materials have been generated in this study. Requests for human
brain samples should be addressed to the Stanley Medical Research Institute
(https://stanleyresearch.org).

Data and code availability
@ All the raw data generated are included in Table S1.
@ This paper does not report original code.
® Any additional information required to reanalyze the data reported in this
paper is available from the lead contact upon reasonable request.

Figure 6. AHN and DG neurogenic niche in patients with BD

A) Vimentin* S100 calcium-binding protein B (S100p)’ NSCs and vimentin* S100p* astrocytes.
B

) SRY (sex-determining region Y)-box 2 (Sox2)* cells.
C) Density of Sox2*, vimentin* S100p’ , and phospho-histone 3 (PH3)* cells.

D) Percentage of vimentin® cells that express PH3 but lack S100p expression out of the total number of vimentin* cells.

F) Density of vimentin* PH3* S100B" in the granule cell layer (GCL) and the subgranular zone (SGZ).
G) Density of HuC-HuD*, doublecortin (DCX)*, polysialylated-neural cell adhesion molecule (PSA-NCAM)*, and total dentate granule cells (DGCs).

(
(
(
(
(E) Density of distinct subpopulations of PH3* cells.
(
(
(H) DCX* PSA-NCAM* immature DGC.

(

1) Percentage of DCX* immature DGCs that express Huc-HuD, PSA-NCAM, and calbindin (CB).
(J-L) Cell location (J) and number (K) and orientation (L) of neurites of DCX* cells.

M) Density of S100p*, Iba1*, and phosphorylated H2AX (yH2AX)* cells.
N) yH2AX staining.

P) Tortuosity index of total and SGZ UEA1* capillaries.

(
(
(O) SGZ/GCL capillary thickness ratio of Ulex Europaeus Agglutinin-1 (UEA1)* capillaries.
(
(

Q-V) Statistically significant data obtained from patients with SCH. Data stratified by age (Q) and biological sex (R)—(V). (Q) Correlation between the age of the
subject and the tortuosity of UEA1* capillaries. (R) Location of Sox2* cells. (S) Density of DCX* PSA-NCAM™ cells. (T) and (U) Density (T) and location (U) of S100p*

cells. (V) Number of junctions of UEA1™ capillaries.

F, female; M, male. n = 14 neurologically healthy control subjects and 15 patients with BD. Graphs represent mean values + SEM. Yellow scale bar: 20 pm. Yellow
triangle: NSC. White triangles: astrocytes. Orange triangle: Sox2* cell. Blue triangle: neuroblast. Green triangles: yYH2AX™" cells.

*0.05 > p > 0.01; **0.01 > p > 0.001; ***p < 0.001.
Detailed results of statistical comparisons are shown in Data S1.
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Figure 7. Schematic summary illustrating the neurogenic stages and components of the DG neurogenic niche affected by each neuropsy-
chiatric condition and key demographic/lifestyle variables
PH3, phospho-histone 3; DCX, doublecortin; Sox2, SRY (sex-determining region Y)-box 2; PSA-NCAM, polysialylated-neural cell adhesion molecule; UEAT1, Ulex
Europaeus Agglutinin-1; yYH2AX, phosphorylated H2AX; S100p, S100 calcium-binding protein B; NSC, neural stem cell.
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Cat#A-31570; RRID: AB_2536180
Cat#A-31572; RRID: AB_162543
Cat#A-31571; RRID: AB_162542
Cat#A-31573; RRID: AB_2536183
Cat#A-21447; RRID: AB_2535864
Cat#A-21450; RRID: AB_2735091

Biological samples

Human hippocampal sections obtained
from 59 individuals (14 neurologically
healthy control subjects, 15 patients with
major depression (MD), 15 with
schizophrenia (SCH), and 15 with bipolar
disorder (BD)

Neuropathology consortium, Stanley
Medical Research Institute (SMRI)
Brain bank

https://www.stanleyresearch.org/brain-
research/neuropathology-consortium/

Chemicals, peptides, and recombinant proteins

Ulex Europaeus Agglutinin-1 (UEA-
1) (1:750)

Paraformaldehyde electron microscopy
(EM) grade (16% wt/vol)

KoHPO,4

NaH,PO,4-H,0

Triton X-100

Bovine serum albumin (BSA)

4 ,6-diamidino-2-phenylindole (DAPI)
Ethanol (96%)

Mowiol 4-88

Vector Laboratories

Electron Microscopy Sciences

Merck-Millipore
Merck-Millipore
Sigma-Aldrich

Sigma-Aldrich

Merck-Millipore
Merck-Millipore
Merck-Millipore

Cat# B-1065; RRID: AB_2336766

Cat#15710

Cat#105101
Cat#567545
Cat#93443

Cat#A7888

Cat#268298
Cat#159010
Cat#475904

(Continued on next page)

Cell Stem Cell 32, 1-18.e1-€5, October 2, 2025 el


https://www.stanleyresearch.org/brain-research/neuropathology-consortium/
https://www.stanleyresearch.org/brain-research/neuropathology-consortium/

Please cite this article in press as: Marquez-Valadez et al., Human adult hippocampal neurogenesis is shaped by neuropsychiatric disorders, demo-
graphics, and lifestyle-related factors, Cell Stem Cell (2025), https://doi.org/10.1016/j.stem.2025.08.010

¢? CellPress

OPEN ACCESS

Cell Stem Cell

Continued

REAGENT or RESOURCE SOURCE IDENTIFIER
Glycerol (100%) Sigma-Aldrich Cat#G9012
Trizma base Sigma-Aldrich Cat#T1503
HCI Merck-Millipore Cat#113136
Autofluorescence eliminator reagent Merck-Millipore Cat#2160

Software and algorithms

Image J 1.54i
AnalyzeSkeleton Imaged plugin

Graphpad Prism 10.0.3
Jupyter 7.0.6

Schneider et al.®”

Arganda-Carreras et al.®®

GraphPad Software, LLC
Jupyter Notebook Contributors

https://imagej.nih.gov/ij/
https://imagej.net/plugins/analyze-
skeleton/
https://www.graphpad.com/
https://jupyter.org/

Python programming language 3.11.7 Python Software Foundation https://www.python.org/

Scipy module 1.9.3 Virtanen et al.®* https://scipy.org/

Statsmodels module 0.14.2 Seabold and Perktold®® https://www.statsmodels.org/v0.10.2/#
Pandas module 1.5.3 McKinney®® https://pandas.pydata.org/

Other

ImmEdge Hydrophobic Barrier PAP Pen Vector Laboratories Cat#H4000

40 x 50 mm microscopy glass coverslips Thermo Fisher Scientific Cat#BC0400050A140MNZ0

LSM 900 Zeiss confocal microscope Carl Zeiss https://www.zeiss.com/microscopy/es/
home.html
Immersol™ 518 F (Immersion oil) Carl Zeiss Cat#444960-0000-000

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Atotal of 59 participants were included in the present study (14 neurologically healthy control subjects, 15 patients with major depres-
sion (MD), 15 with schizophrenia (SCH), and 15 with bipolar disorder (BD)). These subjects (24 females and 35 males) were aged from
25 to 68 y (median: 46 y; mean 45.25 y). Figure S1 provides further demographic data about each subject, including the following:
anonymized subject code; clinical diagnosis; age (years); biological sex; post-mortem delay (PMD, namely the time elapsed between
exitus and sample immersion in fixative) (hours); brain pH; brain weight (g); age at onset of the disease (years); disease duration
(years); suicide; psychosis; lifetime dose of fluphenazine or equivalent (mg); consumption of alcohol and drugs of abuse; fixative
use; and fixation time. No statistically significant differences in age or PMD were detected between diagnoses (Figures S1B and
S1C). This cohort of subjects corresponded to the Neuropathology consortium of the Stanley Medical Research Institute (SMRI,
USA) Brain Bank.?”-*® Samples were obtained following national laws and international ethical and technical guidelines on the use
of human samples for biomedical research purposes. The specimens were collected, processed, and stored in a standardized
way (see the STAR Methods section and Figure S2), with informed consent from next-of-kin, by participating medical examiners be-
tween September 1993 and June 2005. Brain tissue donation, processing, and use for research complied with published protocols,
which include the approval of the whole donation process by the Ethical Committees of the Instituto de Salud Carlos Il (#CEI PI
30_2020# and #CEI Pl 30_2020-V2-Ampliacion 2020#) and the Spanish Research Council (CSIC) (#025/2020# and #198/20204#).

Brain pH was determined using homogenized occipital cortex. Diagnoses were assigned on the basis of clinical examinations by
two senior psychiatrists, using DSM-IV criteria and based on medical records and, when necessary, telephone interviews with family
members. Diagnoses of unaffected controls were based on structured interviews by a senior psychiatrist with a family member(s) to
rule out Axis | diagnoses. Exclusion criteria for all specimens included: |) significant structural brain pathology on post-mortem ex-
amination by a qualified neuropathologist; ll) history of significant focal neurological signs pre-mortem; Ill) history of a central nervous
system (CNS) disease that could be expected to persistently alter gene expression; IV) documented 1Q < 70; and V) poor RNA quality.
Additional exclusion criteria for unaffected controls included: 1) history of any neurologic or psychiatric disorder, and Il) substance
abuse within 1 year of death or significant alcohol-related changes in the liver. Brains were screened for the presence of cardiovas-
cular disease, hemorrhage, trauma, tumors, or other pathology and confirmed by the examination of appropriate sections from the
suspect area. Cases were also screened for Alzheimer’s disease, Parkinson’s disease, ethanol-induced changes, and anoxic/hyp-
oxic-related alterations, and also for RNA integrity. Only brains that were free from pathology and that had intact RNA were included
in the research cohort. The diagnostic groups and controls were matched for age, sex, race, post-mortem interval (PMI), pH, and the
side of the brain frozen.?”:*® Samples were sent and kept coded until all the data analyses were concluded. Moreover, any personal
identifying information was anonymized and never disclosed to researchers.

For the alcohol consumption data, subjects were first classified as drinkers/non-drinkers to estimate the effects of alcohol con-
sumption on all the diagnosis groups. Moreover, for those diagnoses in which it was possible (hamely they had subjects included
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in all the categories), subjects were classified as: non-drinker; social drinker (1-2 drinks/day); moderate drinker in the past (more than
2 drinks per day in the past but not in the present and did not meet criteria for abuse or dependence); current moderate drinker (same
as above, in recent months or years); heavy drinker in the past (met criteria for abuse or dependence in the past but not in recent
months or years); and current heavy drinker (same as above, in recent months or years). Subjects meeting these criteria for both
past and present were coded for present.

METHOD DETAILS

Tissue collection and storage

Tissue was collected by medical examiners following a standardized protocol®® (Figure S2). Briefly, one hemisphere was cut into
1.5 cm thick coronal slices, frozen in a mixture of isopentane and dry ice, and stored at -70°C. Hippocampi were sectioned at
14 um thickness with a Leica cryostat. Coded fresh frozen glass-slide-mounted 14pm hippocampal sections were shipped in
dry ice.

Tissue fixation

Immediately before immunohistochemistry (IHC), slides were thawed at room temperature (rt) for 10 min. Subsequently, glass-slide-
mounted sections were immersed in a 4% paraformaldehyde (PFA) solution for 10 min. The PFA fixative solution (pH = 7.4) was
freshly prepared by diluting a commercial 16% PFA solution (Electron Microscopy Sciences) in 0.2 N phosphate buffer (PB) and
bi-distilled water (1:2:1). After fixation, samples were washed three times in 0.1 N PB.

Immunohistochemistry

Triple IHC was performed following a previously described protoco with several modifications adapted to IHC on glass
slide-mounted sections. Following tissue fixation (see previous section), an area surrounding each section was drawn using
a PAP Pen for Immunostaining (Vector Laboratories) to ensure that the distinct solutions were not split outside that area and
to avoid section drying during incubation. Glass slide-mounted sections were then rinsed three times in 0.1 N PB at rt. Subse-
quently, incubations with primary antibodies (see key resources table) were performed in a humidity chamber at 4°C overnight.
Incubation buffer for primary antibodies contained 0.5% Triton X-100 and 0.5% BSA diluted in 0.1 N PB. Following this step,
sections were rinsed three times in 0.1 N PB at rt. To detect the binding of primary antibodies, the sections were subsequently
incubated with Alexa®-coupled fluorescent secondary antibodies (see key resources table) in a humidity chamber for 2 h at rt.
Secondary antibodies were diluted in the same buffer used for primary antibodies. After this incubation, the sections were
rinsed 3 times in 0.1 N PB and counterstained for 10 min with DAPI (1:5000) to label nuclei. For Alexa488-Ulex Europaeus
Agglutinin-1 (UEA1) staining, no secondary antibody was used. In this case, sections were incubated with UEA1 in a 0.5% Triton
X-100 and 0.5% BSA diluted in 0.1 N PB buffer for the same time as with primary antibodies. In all cases, IHC was followed by a
final autofluorescence elimination step. To this end, a commercial Autofluorescence Eliminator reagent (EMD Millipore) was
used, following the manufacturer’s instructions.®°:%° Briefly, the sections were incubated for 2 minutes in 70% ethanol, followed
by a 2-minute incubation in an Autofluorescence Eliminator Reagent, then rinsed three times with 70% ethanol and three times
with 0.1 N PB. Finally, sections were dried and a non-commercial anti-fading mounting medium (6 g glycerol and 2.4 g mowiol,
prepared in 6 ml distilled water and 12 ml 0.2 M Tris-HCI [pH 8.5]) was used to embed and cover the sections. Slides were
stored at rt and protected from light in opaque microscope slide cages. To prevent the decay of fluorescent signal intensity
and to ensure homogeneity in the time elapsed for all the subjects, confocal images were acquired within two weeks after sec-
tion mounting. key resources table shows a list of all the chemical reagents used.

|8,9,89

Confocal microscopy

Confocal stacks of images were obtained in a LSM900 Zeiss confocal microscope, equipped with three GaAsP detectors. Ten
stacks per subject were used to stereologically estimate cell densities and to analyze the vasculature. Depending on the
anatomical distribution of cells positive for each marker, stacks were obtained under 63X (Total DGCs, 2 zoom, XY dimensions:
50.7 pm, Z-interval: 1 pm, pinhole dimensions: 0.9 Airy unit), or 40X (Sox2*, PH3", vimentin®, doublecortin (DCX)*, HuC-HuD™,
PSA-NCAM?*, calbindin (CB)*, S1008*, Iba1*, and yH2AX" cells, and blood vessels and capillaries, 0.68-1.0 zoom, XY dimen-
sions: 234.89-159.72 um, Z-interval: 1 um, pinhole dimensions: 0.99 Airy units.) immersion oil objectives, as previously
described.® For colocalization analyses, 10 stacks per subject were used. To acquire images, the DG was first identified using
a 10X dry objective in the DAPI channel. Next, stacks of images were obtained at randomly selected locations. The researchers
performing IHC, image acquisition, cell counts, and image analyses were blind to the sex, age, PMD, and diagnoses of the sub-
jects. Two experienced researchers, blind to the aforementioned factors, contributed to the cell counts and vascularization an-
alyses included in this study. They also pooled the data and performed statistical analyses. Demographic data associated with
each subject were only disclosed immediately before performing statistical analyses. The SMRI received all the final raw data
before disclosing demographic information to the researchers.
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QUANTIFICATION AND STATISTICAL ANALYSIS

Stereological cell counts

Cell densities were estimated by unbiased stereology methods based on the use of the physical dissector method adapted to
confocal microscopy.®°¢%°° Briefly, two types of cell densities were calculated: total density (encompassing both the granule
cell layer (GCL) and the subgranular zone (SGZ)) and local densities (referring to either the GCL or SGZ individually), as presented
in the Main and Supplementary Figures. To obtain these measurements, the GCL and SGZ were manually delineated in the DAPI
channel of each stack of images using Fiji’s freehand drawing tool. The total area was derived by summing the individual areas of
the GCL and SGZ, and this was then multiplied by the z-thickness of the stack to calculate the reference volume.®2° In the case of
the total number of DGCs, the reference volume was determined by multiplying the XY dimensions by the z-thickness of the
stack.?® Next, the cells positive for each marker of interest were counted on individual planes. For each cell type, a z-interval
at least 3 times smaller than the average thickness of that particular cell type was selected to allow the tracking of the cell profiles
across several planes.”® The number of positive cells was divided by the corresponding reference volume of each stack of images
to calculate cell density (cells/mm?). Total cell density was estimated by dividing the overall number of positive cells by the com-
bined reference volume of the GCL and SGZ. For local densities, cell counts within each region (GCL or SGZ) were normalized to
the respective regional volume (Figure S2). A given cell was considered positive when it showed a clearly and unambiguously iden-
tifiable characteristic morphology. Moreover, structures showing signs of apoptosis or nuclear fragmentation on the DAPI channel,
or autofluorescence in any of the other three channels, were excluded from cell counts. Depending on the marker of interest,
distinct morphological criteria were applied.’ Vascular structures positive for vimentin were disregarded. Conversely, previously
described morphological criteria have been used to identify vimentin* cells.® Colocalization data are presented as the percentage
of double-labeled cells out of the total number of cells. However, the signal-to-noise ratio and signal intensity and/or quality were
occasionally deemed insufficient to fulfill the strict criteria needed to perform stereological cell counts. In those exceptional cases,
individual subjects were excluded from that particular cell count.

Calculation of cell ratios

To estimate cell survival during initial differentiation stages, the density of DCX* PSA-NCAM™* immature DGCs was divided by that of
DCX" HuC-HuD" proliferative neuroblasts. To estimate cell survival during the advanced differentiation stages, the density of DCX*
CB™* differentiated DGCs was divided by that of DCX* PSA-NCAM* immature DGCs.

Morphometric determinations

To determine cell positioning, the SGZ and the GCL were identified. The SGZ was defined as the 3-cell thickness portion of the GCL
adjacent to its hilar border. To determine the area of the nucleus of total DGCs, 50 cells per subject were analyzed. DAPI staining was
used to determine the area of the nucleus of DGCs. The nuclear contour was drawn on the plane in which it was maximal, and the area
was measured in Fiji. The primary neurites that emerged directly from the soma of DCX* and DCX* HuC-HuD" cells were counted as
previously described.®° The percentage of cells with 1, 2, or > 3 neurites is shown in the graphs. Finally, to identify the orientation of
these neurites, the angle between the hilar border of the GCL and the neurite was measured. A neurite was considered to have an
orientation parallel to the SGZ (horizontal neurites) when the angle was < 45°, whereas it was considered to be vertical when angles
ranged between 45° and 90°.°

Analysis of the dentate gyrus (DG) vasculature

To determine the area of the DG occupied by blood vessels and capillaries, 10 stacks of confocal images per subject were ob-
tained. Z-stack projections containing an invariant number of planes were obtained and a fixed threshold was applied. The area
containing the GCL or the SGZ was traced on the DAPI channel, and the area above the threshold for Ulex Europeaus Agglutinin |
(UEA-1) was measured and divided by the reference area. To calculate the thickness of capillaries, at least 100 capillaries (50 in
the GCL and 50 in the SGZ) per subject were analyzed. Images were zoomed in and a line perpendicular to the trajectory of the
vessel was traced.

The vascular skeleton was analyzed following a semi-automated method in Fiji adapted from.®" Briefly, 90 x 28 pm ROls of the
GCL and SGZ were obtained from each Z-stack projection. Subsequently, a threshold was applied and small artifacts were
removed before image binarization. The total vascular length, branches, and junctions were traced using the Skeleton plugin
from Fiji, and measures were normalized by the reference area. The tortuosity index was calculated as the branch length divided
by the Euclidean distance (length of the line segment between the beginning and the end of the branch), minus 1 to account for the
difference.

Statistical analyses

Statistical analyses were performed using GraphPad 10 software. Outlier values were identified by the ROUT method. Extreme outlier
values are not shown in the graphs and were excluded from statistical comparisons. The Kolmogorov-Smirnov normality test was
used to check the normality of sample distribution. In those cases in which the effect of a single variable was analyzed, the data
were compared using the Student t-test/Mann-Whitney U-test or one-way ANOVA tests. To compare the effect of more than one
variable, a two-way ANOVA test was used. In those cases in which the one- or two-way ANOVA test was statistically significant
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and there were more than two levels, Tukey’s Honestly Significant Difference (HSD) multiple comparison post-hoc analyses were
used to compare the differences between individual groups. In those cases, asterisks on the graphs indicate the results of post-
hoc comparisons. A two-sided Pearson s correlation test was applied to determine correlations between experimental variables.
All graphs represent mean values + SEM. A 95% confidence interval was used for statistical comparisons. Data S1 file shows the
detailed results of the statistical comparisons. Table S1 includes Raw data.

To stratify data by biological sex, suicide, psychosis, treatment with antipsychotic drugs, or consumption of alcohol or drugs of
abuse, statistical analyses were performed in batches using Python software. In this case, outliers were identified by the
interquartile range (IQR) method, and extreme values were excluded. The subsequent statistical analyses were performed as
described above.
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Supplementary Figure S1. Demographic data. A: Epidemiological data of the subjects
included in this study. The subject code, clinical diagnosis, age, sex, post-mortem delay
(PMD, i.e., the time lapse between exitus and tissue immersion in fixative), brain pH,
brain weight (g), age at onset of the disease, duration (years), suicide (yes/no), psychosis
(yes/no), consumption of drugs of abuse (yes/no), consumption of alcohol (yes/no), and
the fixation time and fixative used are indicated. B: Age of the subjects included in this
study. C: PMD of the samples used in this study. S: Social drinker (1-2 drinks/day). M:
Moderate drinker (>2 drinks/day). H: Heavy drinker (met criteria for abuse or
dependence). Present: Pr. Past: P. Graphs represent mean values + SEM. Results from

statistical comparisons are detailed in Data S1.

Related to Figures 1 —7.
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Supplementary Figure S2. Experimental design. Post-mortem human brain tissue was
collected and hippocampal fragments were frozen to obtain 14 pm thick sections using a
Leica cryostat. Sections were mounted on glass slides and stored at -70°C (tissue
collection — top panel). Prior to immunohistochemistry (IHC) detection, glass slide-
mounted sections were fixed in a freshly prepared solution of 4% paraformaldehyde
(PFA) for 10 min. Subsequently, tissue delineation and antibody incubation were
performed, followed by a final step of autofluorescence elimination (tissue processing —
middle panel). Confocal stacks of images were obtained in an LSM900 Zeiss confocal
microscope (10 stacks per subject). The stereological cell counts, morphometric
characterizations, and vasculature analyses were performed in the same stacks. Finally,
GraphPad 10 software was used for statistical analyses (data collection and analysis —

bottom panel).

Related to Figures 1 —7.
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Supplementary Figure S3. Supplementary data obtained from neurologically
healthy control subjects and patients with major depression (MD). A: Total and local
density of subgranular zone (SGZ) and granule cell layer (GCL) doublecortin (DCX)*
immature dentate granule cells (DGCs), and total density of DCX" HuC-HuD*, DCX*
polysialylated-neural cell adhesion molecule (PSA-NCAM)*, and DCX" calbindin (CB)"
cells. B: ratio of DCX" PSA-NCAM" early differentiating immature DGCs to DCX"
HuC-HuD" proliferative neuroblasts. C: ratio of DCX" CB" late-differentiating immature
DGCs to DCX" PSA-NCAM" early-differentiating immature DGCs. D: Percentage of
phospho-histone 3 (PH3)" cells that express S100 calcium-binding protein B (S100p). E:
Area of the nucleus of DGCs. F — O: Location of SRY (sex-determining region Y)-box
2 (Sox2)" (F), vimentin® PH3" S100p" (G), PH3" (H), DCX" HuC-HuD" (I), PSA-
NCAM' (J), DCX" PSA-NCAM" (K), DCX" CB" (L), S1008" (M), Ibal™ (N), and
phosphorylated H2AX (YH2AX)" (O) cells. P — Q: Number (P) and orientation (Q) of
neurites in DCX" HuC-HuD" cells. n = 14 neurologically healthy control subjects and 15
patients with MD. In C, Z-projection images are shown. Graphs represent mean values +
SEM. *0.05>p>0.01; ** 0.01 >p>0.001; *** p <0.001. Detailed results of statistical

comparisons are shown in Data S1.

Related to Figures 3 and 4.



Supplementary data. Adult hippocampal neurogenesis in patients with major depression.
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Supplementary Figure S4. Vascularization in neurologically healthy control
subjects and patients with major depression (MD). A — E: Area occupied by (A),
thickness (B), normalized length (C), and number of branches (D) and junctions (E) of
Ulex Europaeus Agglutinin-I (UEA1)" capillaries in the subgranular zone (SGZ). F — K:
Area occupied by (F), thickness (G), normalized length (H), tortuosity index (I), and
number of branches (J) and junctions (K) of UEA1" capillaries in the granule cell layer
(GCL). L — P: Area occupied by (L), thickness (M), normalized length (N), and number
of branches (O) and junctions (P) of total (GCL + SGZ) UEAI1" capillaries. Q:
Normalized ratio of the SGZ/GCL area occupied by UEA1" capillaries. R: SGZ/GCL
capillary thickness ratio. n = 14 neurologically healthy control subjects and 15 patients
with MD. Graphs represent mean values + SEM. Detailed results of statistical

comparisons are shown in Data S1.

Related to Figures 3 and 4.
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Supplementary Figure SS. Supplementary data obtained from patients with major
depression (MD). A: Statistically significant correlation between the age of the subject
and the density of vimentin" phospho-histone 3 (PH3)" S100 calcium-binding protein B
(S100pB)" proliferative neural stem cells (NSCs) in the subgranular zone (SGZ). B — D:
Statistically significant correlations between the duration of the disease and the
subgranular zone (SGZ) area occupied by (B), and the thickness of total (C) and granule
cell layer (GCL) (D) Ulex Europaeus Agglutinin-1 (UEA1)" capillaries. E — F:
Statistically significant correlations between the onset of the disease and the density of
Ibal® microglia (E), and the area of the SGZ occupied by UEA1" capillaries (F). G — O:
Statistically significant comparisons of data obtained from patients with MD stratified by
biological sex (G — H), suicide (I), and consumption of alcohol (J — O). G: Orientation
of neurites in DCX" HuC-HuD" cells. H: SGZ/GCL Ulex Europaeus Agglutinin-I
(UEA1)" capillary thickness ratio. I: Tortuosity index of GCL UEA1" capillaries. J — K:
Density (J) and location (K) of SRY (sex-determining region Y)-box 2 (Sox2)" cells. L:
Percentage of DCX+ cells that express HuC-HuD. M: Density of Ibal™ cells. N: Location
of phosphorylated H2AX (YH2AX). O: Normalized ratio of the SGZ/GCL area occupied
by UEAI1" capillaries. n = 15 patients with MD. Graphs represent mean values + SEM. *
0.05 > p > 0.01; ** 0.01 > p > 0.001; *** p < 0.001. Detailed results of statistical

comparisons are shown in Data S1.

Related to Figures 3 and 4.



Supplementary data.
Statistically significant comparisons of data obtained from patients with major depression (MD).

Correlations between cell densities/vascularization and the age, disease duration and disease onset.
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Supplementary Figure S6. Supplementary data obtained from neurologically
healthy control subjects and patients with schizophrenia (SCH). A: Total and local
density of subgranular zone (SGZ) and granule cell layer (GCL) doublecortin (DCX)*
immature dentate granule cells (DGCs), and total density of DCX" HuC-HuD*, DCX*
polysialylated-neural cell adhesion molecule (PSA-NCAM)*, and DCX" calbindin (CB)"
cells. B: ratio of DCX" PSA-NCAM" early differentiating immature DGCs to DCX"
HuC-HuD" proliferative neuroblasts. C: ratio of DCX" CB" late-differentiating immature
DGCs to DCX" PSA-NCAM" early-differentiating immature DGCs. D: Percentage of
phospho-histone 3 (PH3)" cells that express S100 calcium-binding protein B (S100p). E:
Area of the nucleus of DGCs. F — O: Location of SRY (sex-determining region Y)-box
2 (Sox2)" (F), vimentin® PH3" S100p" (G), PH3" (H), DCX" HuC-HuD" (I), PSA-
NCAM' (J), DCX" PSA-NCAM" (K), DCX" CB" (L), S1008" (M), Ibal™ (N), and
phosphorylated H2AX (YH2AX)" (O) cells. P — Q: Number (P) and orientation (Q) of
neurites in DCX" HuC-HuD" cells. n = 14 neurologically healthy control subjects and 15
patients with SCH. In C, Z-projection images are shown. Graphs represent mean values
+ SEM. * 0.05>p >0.01; ** 0.01 > p > 0.001. Detailed results of statistical comparisons

are shown in Data S1.

Related to Figure 5.
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Supplementary Figure S7. Vascularization in neurologically healthy control
subjects and patients with schizophrenia (SCH). A — F: Area occupied by (A),
thickness (B), normalized length (C), tortuosity index (D), and number of branches (E)
and junctions (F) of Ulex Europaeus Agglutinin-I (UEA1)" capillaries in the subgranular
zone (SGZ). G —L: Area occupied by (G), thickness (H), normalized length (I), tortuosity
index (J), and number of branches (K) and junctions (L), and of UEA1" capillaries in the
granule cell layer (GCL). M — R: Area occupied by (M), thickness (N), normalized length
(0), tortuosity index (P), and number of branches (Q) and junctions (R) of total (GCL +
SGZ) UEAL" capillaries. S: SGZ/GCL UEAI1" capillary thickness ratio. n = 14
neurologically healthy control subjects and 15 patients with SCH. Graphs represent mean

values + SEM. Detailed results of statistical comparisons are shown in Data S1.

Related to Figure 5.
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Supplementary data. Dentate gyrus vascularization in neurologically healthy control subjects

and patients with schizophrenia (SCH).

Vascularization in the subgranular zone (SGZ).
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Vascularization in the granule cell layer (GCL).
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Supplementary Figure S8. Supplementary data obtained from patients with
schizophrenia (SCH). A — G: Statistically significant correlations between the age of the
subject and the area occupied by Ulex Europaeus Agglutinin-1 (UEA1)" capillaries in the
subgranular zone (SGZ) (A) and the granule cell layer (GCL) (B), thickness (C),
normalized length (D), and number of branches (E) and junctions (F) of GCL UEA1"
capillaries, and normalized ratio of the SGZ/ GCL area occupied by UEA1" capillaries
(G). H — S: Statistically significant correlations between the duration of the disease and
the total (H), SGZ (I), and GCL (J) area occupied by UEA1" capillaries, total (K) and
GCL (L) normalized length of UEA1" capillaries, total (M), SGZ (N), and GCL (O)
number of branches of UEA1" capillaries, total (P), SGZ (Q), and GCL (R) junctions of
UEA1" capillaries, and SGZ/GCL UEA1" capillary thickness ratio (S). T: Statistically
significant correlations between the age at onset of the disease and the density of
vimentin® phospho-histone 3 (PH3)" S100 calcium-binding protein B (S100B)
proliferative neural stem cells in the GCL. U — AF: Statistically significant comparisons
of data obtained from patients with SCH stratified by suicide (U — AA), treatment with
anti-psychotic drugs (patients were stratified depending on whether they received a
lifetime dose of fluphenazine or equivalent of more or less than 5000 mg) (AB — AD),
and alcohol consumption (AE - AF). U — V: Orientation of neurites in DCX" immature
DGCs (U) and DCX" HuC-HuD proliferative neuroblasts (V). W — Y: Total (GCL +
SGZ) (W), SGZ (X), and GCL (Y) area occupied by Ulex Europaeus Agglutinin-I
(UEA1)" capillaries. Z: Tortuosity index of GCL UEA1" capillaries. AA: Normalized
ratio of the SGZ/GCL area occupied by UEA1" capillaries. AB: Density of DGCs. AC:
Location of PH3™ cells. AD: Density of vimentin® S100" neural stem cells. AE: Location
of Ibal” cells. AF: Thickness of UEA1" capillaries in the SGZ. n = 15 patients with SCH.
Graphs represent mean values + SEM. * 0.05 > p > 0.01; ** 0.01 > p > 0.001. Detailed

results of statistical comparisons are shown in Data S1.

Related to Figure 5.
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Supplementary data.

Correlations between cell densities/vascularization and the age, disease duration and disease onset.
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Supplementary Figure S9. Supplementary data obtained from neurologically
healthy control subjects and patients with bipolar disorder (BD). A: Total and local
density of subgranular zone (SGZ) and granule cell layer (GCL) doublecortin (DCX)*
immature dentate granule cells (DGCs), and total density of DCX" HuC-HuD*, DCX*
polysialylated-neural cell adhesion molecule (PSA-NCAM)*, and DCX" calbindin (CB)"
cells. B: ratio of DCX" PSA-NCAM" early differentiating immature DGCs to DCX"
HuC-HuD" proliferative neuroblasts. C: ratio of DCX" CB" late-differentiating immature
DGCs to DCX" PSA-NCAM" early-differentiating immature DGCs. D: Percentage of
phospho-histone 3 (PH3)" cells that express S100 calcium-binding protein B (S100p). E:
Area of the nucleus of DGCs. F — O: Location of SRY (sex-determining region Y)-box
2 (Sox2)" (F), vimentin® PH3" S100p" (G), PH3" (H), DCX" HuC-HuD" (I), PSA-
NCAM' (J), DCX" PSA-NCAM" (K), DCX" CB" (L), S1008" (M), Ibal™ (N), and
phosphorylated H2AX (YH2AX)" (O) cells. P — Q: Number (P) and orientation (Q) of
neurites in DCX" HuC-HuD" cells. n = 14 neurologically healthy control subjects and 15
patients with BD. In C, Z-projection images are shown. Graphs represent mean values +
SEM. *0.05>p>0.01; ** 0.01 >p>0.001; *** p <0.001. Detailed results of statistical

comparisons are shown in Data S1.

Related to Figure 6.
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Supplementary data. Adult hippocampal neurogenesis in patients with bipolar disorder (BD)
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Supplementary Figure S10. Vascularization in neurologically healthy control
subjects and patients with bipolar disorder (BD). A — E: Area occupied by (A),
thickness (B), normalized length (C), and number of branches (D) and junctions (E) of
Ulex Europaeus Agglutinin-I (UEA1)" capillaries in the subgranular zone (SGZ). F — K:
Area occupied by (F), thickness (G), normalized length (H), tortuosity index (I), and
number of branches (J) and junctions (K) of UEA1" capillaries in the granule cell layer
(GCL). L — P: Area occupied by (L), thickness (M), normalized length (N), and number
of branches (O) and junctions (P) of UEA1" capillaries. Q: Normalized ratio of the
SGZ/GCL area occupied by UEA1" capillaries. n = 14 neurologically healthy control
subjects and 15 patients with BD. Graphs represent mean values + SEM. Detailed results

of statistical comparisons are shown in Data S1.

Related to Figure 6.
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Supplementary data. Dentate gyrus vascularization in neurologically healthy control subjects

Vascularization in the subgranular zone (SGZ).
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Supplementary Figure S11. Supplementary data obtained from patients with
bipolar disorder (BD). A — C: Statistically significant correlations between the age of
the subject and the density of doublecortin (DCX)" immature dentate granule cells
(DGCs) in the subgranular zone (SGZ) (A), the area of the granule cell layer (GCL)
occupied by Ulex Europaeus Agglutinin-I (UEA1)" capillaries (B), and the tortuosity
index of SGZ UEA1" capillaries (C). D — H: Statistically significant correlations between
the disease duration and the density of Ibal® cells (D), and the total (E) SGZ (F), and
GCL (G) area occupied by UEA1" capillaries, and normalized length of total UEA1"
capillaries (H). I: Statistically significant correlation between the onset of the disease and
the tortuosity index of total UEA1" capillaries. n = 15 patients with BD. * 0.05 > p >
0.01; ** 0.01 > p > 0.001. Detailed results of statistical comparisons are shown in Data

S1.

Related to Figure 6.

Supplementary data.
Statistically significant comparisons of data obtained from patients with bipolar disorder (BD).

Correlations between cell densities/vascularization and the age, disease duration and disease onset.
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Supplementary Figure S12. Supplementary data obtained from patients with
bipolar disorder (BD). A — AA: Statistically significant comparisons of data obtained
from patients with BD stratified by biological sex (A — F), suicide (G — J), psychosis (K
— L), consumption of drugs of abuse (M — N), treatment with anti-psychotic drugs
(patients were stratified depending on whether they received a lifetime dose of
fluphenazine or equivalent of more or less than 5000 mg) (O — V), and consumption of
alcohol (W — AA). A: Location of phospho-histone 3 (PH3)" cells. B — F: Area of the
subgranular zone (SGZ) occupied by UEA1" capillaries (B), normalized length (C) and
number of branches (D) of SGZ UEA1" capillaries, number of junctions of total (E) and
SGZ (E) UEAI1" capillaries, and SGZ/ granule cell layer (GCL) UEAL" capillary
thickness ratio (F). G: Density of HuC-HuD" cells. H: Percentage of DCX" HuC-HuD"
out of total DCX" cells. I — J: Location of PSA-NCAM™ (I) and DCX" PSA-NCAM" (J)
immature DGCs. K: Percentage of DCX" PSA-NCAM" out of total DCX" immature
DGCs. L: Location of Ibal™ microglia. M — N: Tortuosity index of SGZ (M) and GCL
(N) UEA1" capillaries. O — Q: Location of DCX" immature DGCs (0), thickness of total
(P) and GCL (Q) UEA1" capillaries. R — S: Normalized length of total (R) and SGZ (S)
UEALI1" capillaries. T — U: Number of branches of total (T) and SGZ (U) UEA1"
capillaries. V: Number of junctions of total UEA1" capillaries. W: Percentage of
vimentin® cells that express S100p. X: Percentage of DCX" cells that express calbindin
(CB). Y — AA: Location of PH3" (Y) DCX" PSA-NCAM" (Z) and PSA-NCAM" (AA)
cells. n = 15 patients with BD. Graphs represent mean values = SEM. * 0.05 > p > 0.01;
**#0.01 >p>0.001; *** p <0.001. Detailed results of statistical comparisons are shown

in Data S1.

Related to Figure 6.
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Statistically significant comparisons of data obtained from patients with bipolar disorder (BD).
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