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Abstract

The observed age-related decline in neurogenesis may result from reduced proliferation or increased
death rate of neuronal precursor cells (NPCs). We found that caspase-3, but not caspase-6, -7, or -9,
was activated in NPCs in neurogenic regions of young, young-adult, middle-aged and aged rat brains.
The number of capase-3-immunoreactive cells was highest in young and lowest in aged rats.
Surprisingly, intraventricular administration of a caspase-3 inhibitor failed to restore the number of
BrdU-positive cells in the aged dentate gyrus, suggesting that the age-related decline in neurogenesis
may be attributable primarily to reduced proliferation. Additionally, we also found that NPCs in the
subventricular zone of young-adult and aged rat brain were increased after focal cerebral ischemia,
suggesting that the increase in neurogenesis induced by ischemia may result from an increase in the
rate of NPC proliferation, but not from a decrease in NPC death. Thus, our results suggest that age-
related and injury-induced changes in the rate of neurogenesis are controlled at the level of NPC
proliferation. Furthermore, our results may imply that the mechanisms that maintain a stable
population of NPCs in the normal adult and in the ischemic brain, which account for the observed
age-dependent reduction or injury-induced increases in neurogenesis, impinge on the regulation of
cell division at the NPC level.
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1. Introduction

Neural precursor cells (NPCs), which reside in the subgranular zone (SGZ) of the hippocampal
dentate gyrus (DG) and in the subventricular zone (SVZ) lining the lateral ventricles, may
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provide an endogenous mechanism for brain repair and recovery from injury or disease [15].
Although such arole is largely conjectural, it has generated interest in the possibility that further
stimulation of neurogenesis in the adult brain might yield benefit in neurological diseases or
in cerebral dysfunction associated with aging. In support of this possibility, NPCs show
increased proliferation in response to brain insults such as ischemia [18], migrate toward sites
of brain damage [1], and can differentiate into functional neurons [25]. However, only a subset
of newborn SVZ neurons migrate into the olfactory bulb (OB) and differentiate into mature
neurons [9], whereas the majority undergo programmed cell death [13].

Programmed cell death is an important mechanism that determines the size and shape of the
vertebrate nervous system [16], and genetic elimination of cell death leads to embryonic
mortality or gross anatomical malformations [6]. Accordingly, programmed death of NPCs
has been demonstrated in a variety of in vivo [21] and in vitro [24] systems, including the SVZ
and DG of adult mouse brain [2]. Caspases are key mediators of programmed cell death.
Although some caspases show activity as proenzymes, they generally exist in a dormant form
that is activated by cleavage of their inhibitory prodomains, generating their active forms.
Caspase-3 has been documented to play a role in NPC death during embryonic development
[20]. NPCs from adult rat brain SVZ also undergo caspase-3-dependent cell death in vitro in
response to staurosporine and 2,3-dimethoxy-1,4-naphthoquinone or 4-nonylphenol [10]. In
addition, caspase inhibitors reduce constitutive [3] and seizure-induced [14] neurogenesis in
the adult rat brain in vivo.

Although NPC proliferation in the DG and SVZ is reduced with aging [17,19,23], how
programmed cell death of NPCs may be altered during normal brain aging is unknown.
Therefore, we investigated the expression of caspase activation products in neuroproliferative
zones of the young, young-adult, middle-aged and aged rat brain, as well as the effect of caspase
inhibition on neurogenesis. In addition, although the total number of newly generated neurons
is increased in the ischemic brain, it is possible that this process may be counterbalanced by
the activation of programmed cell death. Therefore, we also compared the number of NPCs
showing caspase-3 activation in the SVZ of young-adult and aged brain after focal ischemia.

2. Experimental and methods

2.1 Animals

Young (5-day-old), young-adult (3-month-old), middle-aged (11-month-old) and aged (24-
month-old) male Fisher-344 rats were obtained from the National Institute of Aging, National
Institutes of Health and housed in a temperature-controlled environment (21-23°C) with a 12
hr/12 hr light/dark cycle. All animal experiments were carried out in accordance with the
National Institutes of Health’s Guide for the Care and Use of Laboratory Animals, and
approved by the Institutional Animal Care and Use Committee (IACUC). Efforts were made
to minimize animal suffering and to reduce the number of animals used.

2.2. Transient focal cerebral ischemia

Young-adult and aged male Fisher-344 rats were anesthetized with 5% isoflurane in a gas
mixture of 30% oxygen and 70% nitrous oxide. Focal ischemia was performed as previously
described [28]. Briefly, immediately thereafter, both common carotid arteries (CCAS) were
occluded with microclips and rats underwent simultaneous occlusion of the middle cerebral
artery (MCA) and both CCAs for 60 min. This model produces an infarct restricted to the
cerebral cortex. Recirculation was established by removing the microclips and restoration of
MCA blood flow was verified visually. Blood pressure, blood gases, and blood glucose were
monitored via the left femoral artery. Rectal temperature and temporalis muscle temperature
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contralateral to MCA occlusion were monitored continuously and maintained at 37.0-37.5°C
with heating pads.

2.3. Administration of caspase-3 inhibitor and Bromodeoxyuridine (BrdU)

The peptide methylketone caspase-3 inhibitor, N-Benzyloxycarbonyl-Asp(OMe)-Glu(OMe)-
Val-Asp-(OMe)-fluoro-methylketone (Z-DEVD-FMK) (Calbiochem), was dissolved in
DMSO and further diluted in artificial cerebrospinal fluid (aCSF) at the concentration of 20
mg/ml. Caspase-3 inhibitor or vehicle was infused at 1 pl/hr for 3 days with an osmotic
minipump (Alzet 1003D; Alza Scientific Products) in the left ventricle (from the bregma:
anteroposterior, —0.8 mm; lateral, 1.5 mm; depth, 3.5 mm). These treatments were assigned in
arandomized and blinded manner. For BrdU counting after infusion of caspase inhibitor, BrdU
(50 mg/kg in saline) was given by the intraperitoneal twice daily on the last day and rats were
killed one day later. For the phenotype of the caspase-3 positive cells, BrdU was given twice
daily for 3 days and rats were killed at 41 day. For BrdU counting after focal ischemia, BrdU
(50 mg/kg in saline) was given by the intraperitoneal twice daily for 3 days from the day after
focal ischemia and sham-operated groups, and rats were killed at 10t day. Brains (four per
condition) were freshly isolated and fifty-micrometer coronal sections were cut with a cryostat
and stored at —80°C. Some brains were also perfused with saline and 4% paraformaldehyde in
PBS and embedded in paraffin.

2.4. Immunohistochemistry

To detect BrdU-labeled cells in tissue sections, paraffin sections were treated with 50%
formamide, 280 mM NaCl, and 30 mM sodium citrate at 65°C for 2 hr, incubated in 2 M HCI
at 37°C for 30 min, and rinsed in 0.1 M boric acid (pH 8.5) at room temperature for 10 min.
Sections were then incubated in 1% H,0, for 15 min, and in blocking solution (2% goat serum,
0.3% Triton X-100, and 0.1% bovine serum albumin in PBS) for 2 hr at room temperature,
before being treated with mouse monoclonal anti-BrdU (Roche, Indianapolis, IN, USA; 2 ug/
ml) overnight at 4 °C. To detect the expression of activated caspase cleavage products,
immunohistochemistry was conducted on paraffin sections using a standard protocol with
antigen retrieval, according to the manufacturer’s instructions (Vector Laboratories). The
primary antibodies used were affinity-purified rabbit anti-cleaved caspase-3, -6, -7, and -9 (all
from Cell Signaling; 1:200-500). Sections were washed with PBS, incubated with biotinylated
goat anti-mouse or anti-rabbit 1gG secondary antibody (Vector Laboratories; 1:200) for 2 hr
at 25°C, washed, and placed in avidin—peroxidase conjugate solution (Vector Laboratories)
for 1 hr. The horseradish peroxidase reaction was detected with 0.05% diaminobenzidine
(DAB) and 0.03% H,0,. Processing was stopped with H,O and sections were dehydrated
through graded alcohols, cleared in xylene, and coverslipped in permanent mounting medium
(Vector Laboratories). Sections were examined with a Nikon E800 epifluorescence
microscope. Controls included omitting the primary and secondary antibodies.

2.5. Double-label immunohistochemistry

Double-immunolabeling study was conducted as previous described [19]. Sections were
incubated with blocking solution, then with primary antibodies at 4°C overnight, and with
secondary antibodies in blocking solution at room temperature for 2 hr. The primary antibodies
used are antibodies listed above and anti-doublecortin (DCX; Santa Cruz; 1:200). The
secondary antibodies were rhodamine-conjugated rat-absorbed donkey anti-mouse IgG
(Jackson ImmunoResearch Laboratories Inc.; 1:200) and fluorescein isothiocyanate-
conjugated pig anti-goat or goat anti-rabbit 19gG (Jackson ImmunoResearch; 1:200). Sections
were mounted with Vectashield (Vector) and fluorescence signals were detected with a Nikon
PCM-2000 confocal laser-scanning microscopy. Simple PCI imaging software (Compix Inc.)
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was employed to confirm co-localization of BrdU and cell type-specific markers within
individual cells.

2.6. TUNEL assay

The terminal transferase-mediated dUTP nick end labeling (TUNEL) method is widely used
to visualize dead cells by detecting DNA double-strand breaks. TUNEL assay was performed
by using the DeadEnd Fluorometric TUNEL System (Promega Inc.) according to the
manufacture’s instruction. Briefly, the paraffin sections from young-adult, middle-aged and
aged brain were incubated with Protein K solution (20ug/ml) for 10 min at room temperature.
After two more washes, each slide was covered with equilibration buffer for 10 minutes. Then
slides were incubated in a provided TUNEL assay mixture containing fluorescein-12-dUTP
and recombinant Terminal Deoxynucleotidyl Transferase (TdT) within a moist air chamber at
37°C for 1 hr. After stopping the reaction, the brain slides were counterstained with DAPI
(Vector Lab). The TUNEL-positive cells were identified as localized bright green cells in a
blue background by fluorescence microscopy. Nonspecific labeling was investigated by
omitting TdT during the initial step of the labeling procedure. Positive controls were obtained
by using ischemic brain sections.

2.7. Cell counting

Both caspase-3-positive and BrdU-positive cells in the SVZ and the DG of rat brains were
blindly counted in 5-7 DAB-stained coronal frozen sections (50-um thickness) per animal,
spaced 200 um apart. Images of caspase-3-positive and BrdU-positive cells were acquired
using a Nikon Eclipse-800 confocal microscope and a Nikon DXM 1200 digital camera. The
number of immunoreactive cells in each 200x image was determined using Simple PCI
software. TUNEL-positive cells in the SVZ and the DG of rat brains were blindly counted in
5-7 paraffin coronal sections (6-um thickness) per animal using two-photon confocal
microscopy. At least three animals were used per condition.

2.8. Statistical analysis

Quantitative results were expressed as the mean = SEM. The statistical significance of
differences between means was evaluated using one-way analysis of variance (ANOVA), and
pair-wise comparison of means was accomplished by Scheffe’s post hoc test. Pearsons
correlation test was applied to assess the association between BrdU-positive and caspase-3-
positive cells. P<0.05 was regarded as statistically significant.

3. Results

To explore the molecular mechanisms of NPC death in the DG and SVZ of young-adult brain,
immunohistochemistry was performed on brain sections from young-adult (3-month-old) rats
using antibodies against cleaved (activated) caspases. Cleaved caspase-3 was detected
predominantly in cells located in the hippocampal SGZ, SVZ, rostral migratory stream (RMS)
and OB (Fig. 1A), indicating that caspase-3-dependent programmed cell death in the adult
brain was associated with neuroproliferative zones. In contrast, cleavage products of caspase-6,
-7, and -9 were not observed in these regions (Fig. 1B). Similar to young-adult brain, activated
caspase-3, but not other cleaved caspase family members mentioned above, was detected in
the SGZ, SVZ, RMS and OB in the brain of 24-month-old rats.

To determine the phenotype of cells exhibiting caspase-3 cleavage, double immunolabeling
was conducted using antibodies against cleaved caspase-3 and against DCX, a NPC maker
(14). DCX-positive cells incorporated BrdU (Fig. 2A), suggesting that these cells were
proliferating NPCs. Cleaved caspase-3-positive cells in the DG (Fig. 2B) and SVZ (Fig. 2C)
expressed DCX, confirming that these cells were NPCs. Some cleaved caspase-3-positive cells,
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however, did not express DCX, suggesting that these cells might be NPCs in the late stages of
programmed cell death or cells of non-neuronal lineage. The majority of cleaved caspase-3-
positive cells in hippocampal SGZ and SVZ did not incorporate BrdU (Fig. 2D); this suggests
that BrdU labeling was a bona fide sign of cell division, and not a manifestation of attempted
DNA repair or cell cycle entry in moribund cells.

Our and other previous studies showed that proliferative cells are dramatically reduced in the
SGZ and SVZ with increasing age, based on the total number of BrdU-positive cells present.
To confirm these observations, we also performed double staining of BrdU and DCX in young-
adult and aged rat brain. We found that the number of BrdU/DCX-positive cells was reduced
in the SGZ of dentate gyrus and SVZ in aged as compared with young-adult rat brain (data not
shown) (p<0.05), further confirming an age-dependent decline in neurogenesis. Neurogenesis
in DG declines with aging due to diminished proliferation of NPCs [22]. Less is known about
the mechanism accounting for reduced neurogenesis in the aged SVZ, or about how specific
cell-death pathways may be affected. To investigate how caspase-3-dependent NPC death is
influenced by aging, immunohistochemistry was performed on brain sections from rats of
various ages. The number of cells showing caspase-3 cleavage in SGZ and SVZ decreased
dramatically over the lifespan of these rats, as did the number of cells labeled by BrdU (Fig.
3A-D) and BrdU/DCX (data not shown). Although the largest age-related decline in caspase-3
cleavage that we observed occurred between 5 days and 3 months, and therefore corresponds
to maturation rather than senescence, a further decline occurred between 3 months and 11
months in SGZ and between 11 months and 24 months in SVZ.

If an increase in the susceptibility of NPCs to cell death contributes to decreased neurogenesis
associated with senescence, then the number of cells that express cleaved caspase-3 might be
expected to represent a larger percentage of the number of cells labeled by BrdU in aged than
in non-aged adult rats. We and others have reported previously that between ~3 to ~24 months
of age, the number of BrdU-labeled cells decreases by ~90% in DG and by ~50% in SVZ
[19,23]. In the present study, the number of cleaved caspase-3-immunopositive cells decreased
by ~75% in DG and by ~50% in SVZ (Fig. 3C). This observation is consistent with the
similarity between age-dependent decreases in BrdU incorporation and cell death reported
before in DG [17]. To further confirm these findings, TUNEL staining was performed on brain
sections of rats at different ages. Surprisingly, few TUNEL-positive cells were found in the
SGZ of dentate gyrus and SVZ either in young-adult or in aged brain (Fig. 4A and B). In
contrast, the vast majority of TUNEL-positive cells were detected in the striatum, the infarction
area adjacent to the SVZ after focal cerebral ischemia, suggesting that the method we used was
sensitive enough to detect most of cells with DNA double-strand breaks (Fig. 4C).
Nevertheless, the number of TUNEL-positive cells in the SGZ and SVZ in aged brain was still
less than that in young-adult brain, further confirming that cell death in neurogenic regions
might not contribute to the observed age-dependent decline in neurogenesis.

To determine the effect of inhibiting caspase-mediated NPC death in 24-month-old rats, the
caspase inhibitor DEVD was infused in the left lateral ventricle following BrdU administration.
The concentration and duration of infusion of DEVD were based on our previous study of its
effectiveness in inhibiting caspase-3 activity in the hippocampus after global cerebral ischemia
[11]. As shown in Fig. 5, caspase-3 positive cells were observed in DG of aged brain, but were
dramatically reduced after administration of DEVD. However, the number of BrdU-positive
cells in DG was not significantly increased by DEVD (p>0.05). Similar results were also found
in young-adult rat (Fig. 5A and B), implying that the decline in neurogenesis in the aged SGZ
and SVZ results primarily from reduced NPC proliferation rather than increased NPC death.

Next, we asked whether increased cell proliferation following ischemia might result from
decreased cell death in SVZ. We calculated the number of BrdU-positive cells in SVZ at 10
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days after ischemia in young-adult and aged rats compare with control groups respectively.
Late post-ischemia was selected as time for counting BrdU- and caspase-3-positive cells, to
ensure detection of both rapid and slowly dividing cells and also of dead cells arising from
secondary injury after focal ischemia. Consistent with previous findings, the number of BrdU-
labeled cells in the SVZ was increased in both young-adult and in aged postischemic brain
(Fig. 6A). The number of cleaved caspase 3-positive cells were significantly higher both in
young-adult (3M) and aged (24M) ischemic rat SVZ (P < 0.001 and P < 0.001 respectively as
a result of Tukey’s post-hoc test applied to a significant difference between experimental
groups by one-way ANOVA, P <0.0001). The ischemia-induced increase in caspase-3 positive
cells in young and aged brains, however, was not significantly different (P > 0.05). If the
observed ischemia-induced increases in numbers of replicating NPCs both in young and aged
animals was due to a decrease in cell death, we would expect to observe that numbers of BrdU-
positive cells and cleaved caspase-3 positive cells would be negatively correlated. Numbers of
BrdU-positive cells and numbers of cleaved caspase 3-positive cells were strongly and
positively correlated (Fig. 6C). This demonstrates that the observed increases in cleaved
caspase-3-positive cells is directly proportional to the increase in numbers of replicating NPCs,
ruling out a role of decreased cell death in the observed ischemia-induced increases in numbers
of BrdU-positive cells. Therefore, our results suggest that NPC death might not contribute to
cerebral ischemia-induced neurogenesis.

4. Discussion

Although greater than 9,000 new cells are produced per day in the adult rodent hippocampus
[7], 60-80% of them degenerate within one month [13]. We and others have reported a gradual
decline of neurogenesis with normal aging in rats and mice [8,19,23], which could be due to
either decreased NPC neuroproliferation or increased NPC death.

Here we report that activated caspase-3 is associated with the naturally occurring death of NPCs
in SGZ and SVZ throughout life, and that it declines roughly in parallel with the age-related
decrease in proliferating NPCs detected by BrdU labeling. The active forms of all other
caspases tested do not appear to be associated with this form of physiological cell death.
Surprisingly, inhibiting caspase activity failed to increase the number of BrdU-labeled cells in
DG of the aged rat brain, consistent with the view that the age-related decline in neurogenesis
is attributable primarily to reduced proliferation of NPCs. Caspase family members are key
elements of programmed cell death in the developing nervous system [26], where this form of
cell death affects both NPCs and postmitotic neurons. Activation of caspase-3 is required for
embryonic and perinatal apoptosis of NPCs [21], which is inhibited by Bcl-2 [12]. In addition,
in vitro studies show that caspase-3 is activated in NPCs undergoing neurotoxin-induced death
in the adult brain [10]. Our results show that caspase-3 activation may also be important for
programmed death of NPCs in the adult SGZ and SVZ in vivo. Consistent with this idea,
programmed cell death in the adult hippocampus is dramatically reduced in Bax-knockout mice
[27] and after caspase inhibition in rats. Caspase-8 and -9 are upstream initiators of caspase-3-
mediated death in what is considered ‘classical’ apoptosis [26]. In addition, we find that number
of TUNEL-positive cells in the DG and SVZ of aged rat brain is less than that of caspase-3-
positive cells. Therefore, our results suggest that NPC death in the adult brain may be affected
by different forms of cell death programs involving the activation of caspase-3. This suggestion
is supported by the observation that death of mature neurons in vivo does not strictly conform
to apoptotic pathways as described in other cell types [5]. Thus, although therapeutic
enhancement of neurogenesis may prove to have a role in treatment of age-related cognitive
impairment or neurodegenerative diseases, our results suggest that efforts directed at inhibiting
caspase-dependent cell death are unlikely to be helpful in this regard. Instead, measures
designed to enhance neuronal proliferation, differentiation or migration appear to have greater
promise.
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In addition, we also found that ischemia increased both neurogenesis and caspase-3 activation
in the SVZ. Previous studies showed that activation of caspase-3 was induced in the
hippocampal SGZ of the gerbil after forebrain ischemia. These caspase-positive cells expressed
an early neuronal marker [4], suggesting that caspase-mediated programmed cell death could
mediate the loss of neurogenic cells in the SGZ. Functional repair is probably reduced in
animals by inducing the programmed cell death of NPC and other immature neurons after focal
ischemia. Though neurogenesis was enhanced after ischemic injury, the surviving NPCs were
not sufficient for recovery after injury, since the majority of NPCs die during migration [1].
Thus, amplification of self-renewal mechanisms by stimulation of cell division at the level of
NPCs, combined with reducing the number of NPC death and other newly generated neurons
during migration might in the future come to be of therapeutic value for patients affected by
ischemic brain injuries.
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Fig. 1.

Caspase activation in neuroproliferative regions of young-adult rat brain. (A) Cleaved
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caspase-3-positive cells (brown) were seen in the SVZ, RMS, DG SGZ, and OB of rat brain.
(B) Cleavage products of capase-6, caspase-7, and caspase-9 were not detected in SVZ (or DG,
not shown). Data shown are representative of at least four experiments per panel.
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Fig. 2.

Phenotypic features of cleaved caspase-3-positive cells in young-adult rat brain. (A) Co-
localization of nuclear BrdU (red) and cytoplasmic DCX (green) in SVZ. (B) Co-localization
of nuclear cleaved caspase-3 (green) and cytoplasmic DCX (red) in hippocampal SGZ. (C)
Co-localization of nuclear cleaved caspase-3 (green) and cytoplasmic DCX (red) in some
(green arrow) but not other (red and yellow arrows) cells in SVZ; DAPI (blue) was used to
stain nuclei. High magnification view of a merged image (insert, top right) shows co-
localization of caspase-3 and DCX. (D) Lack of nuclear co-localziation of BrdU (red) and
cleaved caspase-3 (green) in SVZ of normal brain, indicating that most BrdU labeling is not a
manifestation of cell death. Data shown are representative of at least three experiments per
panel.
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Fig. 3.

Age-dependent decline in NPC death in neuroproliferative zones of rat brain. Compared to 5-
day-old (5D) rats (A), 24-month-old rats (B) show reduced numbers of cells with capase-3
cleavage product (brown) in DG, SVZ, RMS and OB. The number of cleaved caspase-3-
immunopositive cells in DG SGZ (C) and SVZ (D) were also quantified for rats aged 5 days
(5D), 3 months (3M), 11 months (11M) and 24 months (24M), which also showed an age-
dependent reduction in this index of NPC death. Data shown are representative fields (A and
B) or mean values + SEM (C and D) from at least three experiments per panel.
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Fig. 4.

The numbers of TUNEL-positive cells in DG of young-adult and aged rat brain. Few TUNEL-
positive cells (green) were found in the DG of young-adult (A) and aged rat brain (B). DAPI
(blue) was used for counterstaining of nuclei. Paraffin sections from focal cerebral ischemic
brain (3-month-old) were used as positive controls (C). A number of TUNEL-positive cells
were observed in the infarction region (CPu), but only few TUNEL-positive cells were found
in the SVZ. Left penal: low-magnification. Right penal: high-magnification. LV: lateral
ventricle; CPu: caudate putamen. Images are representative of results from three experiments.
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Fig. 5.

Effect of caspase inhibition on numbers of BrdU-positive cells in DG of young-adult and aged
rat brain. (A) The caspase inhibitor DEVD (20 mg/ml) was infused at 1 pl/hr for 3 days into
the left lateral ventricle of young-adult (3M) and aged (24M) rats, and BrdU (50 mg/kg) was
given twice i.p. on the last day. Immunocytochemistry showed that DEVD reduced the number
of cells showing caspase-3 cleavage, without affecting the number of cells that incorporated
BrdU (P>0.05). (B) The number of BrdU-positive cells in the hippocampal SGZ after infusion
of DEVD into the left lateral ventricle of young-adult (3M) and aged (24M) rat brain for 3 days
and BrdU was given twice on the last day. Animals were killed one day later. Images (A) are
representative of results from three experiments.
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Fig. 6.

NPC proliferation and death in the SVZ after focal ischemia. The percentage of BrdU-
immunoreactive cell (A) & caspase-3-positive cells (B) in the SVZ of sham-operated and
ischemic brains in young-adult and aged rats is shown. The number of cleaved caspase 3-
positive cells was significantly higher both in young (3M) and aged (24M) ischemic rat SVZ
(P <0.001 and P < 0.001 respectively). The ischemia-induced increase in caspase-3-positive
cells in young-adult and aged brains, however, was not significantly different (P > 0.05).
Pearson’s correlation analyses showed a positive correlation between numbers of BrdU-
positive cells and numbers of cleaved caspase-3-positive cells in the SGZ in all experimental
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conditions examined (P < 0.0001, r2 = 0.7225) (C). Data shown are mean values + SEM from
at least three experiments per panel.
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