Supplemental Material

Calculations and Notes

Cortex

In primary auditory cortex, Basta 2005 investigated the density of neurons (Basta et al., 2005). They
used 15 um thick slices, and appear to massively underestimating the number of neurons (Table S1).
We therefore excluded this study since it predicted neuronal densities of less than half that found in
other regions of cortex.

Layer Neurons per mm? Neurons per mm?
| 187.5 12,500
] 492.1 32,806
i 476.3 31,753
v 475 31,666
Vv 468.6 31,240
Vi 472.4 31,493

Table S1. Densities derived from (Basta et al., 2005).

Chen 2014 used 20 wm thick sections of sensorimotor cortex (Chen et al., 2014). They found that the
density of microglia is 30/(300um?) section, which translates into a density of 30/ (300 * 300 * 20
*10° mmd)= 16,667 cellssmm?3. They found that the density of nNOS neurons is 8/(1390 * 1390 *20
* 10° mm?3)= 207 cells/mm?,

Lorke 2008 used 5 pum thick sections, and found a microglia density of 121.1 microglia/mm? in the
somatosensory cortex, which equates to 2422 cells/mm3. They found 112.7 microglia/mm? in the
somatomotor cortex, or 2254 microglia/mm?3. There were 115.5 microglia /mm?, or 2,310/mm? in the
CAZ1/CA3 region. In the granular layer of the cerebellum, it was 55.8 microglia /mm?, or 1,116
microglia /mm?.
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In cortex, Geisert found 29 glia per 15950 um? x 50 um field, which corresponds to a density of
36,363 glia/mm?3 (Geisert et al., 2002).

Angenstein tabulated densities in terms of cells/mm? (Angenstein et al., 2008), and using slice
thicknesses of 50 um, Therefore, each mm? of slice had a volume of 0.05 mm?.

Area NeuN stained Cells S100p stained cells Ratio NeuN/S100
Cortex 1130/0.05=22,600 144/0.05=2,880 8.04

LI/

LIV 1609/0.05=32,180 212/0.05=4,240 7.65

LV 925/0.05=18,500 151/0.05=3,020 6.35

LVI 1201/0.05=24,020 148/0.05=2,960 8.37

Table S2. Densities derived from (Angenstein et al., 2008).

In motor and somatosensory cortex, Schmid found 75 and 110 PV+ neurons per mm? respectively
(Schmid et al., 2013). They used 50 pum thick slices, which therefore yields densities of 1,500 and
2,200 PV+ cells/mm?.

Rockel sampled neurons in a 30 um wide by 25 um thick region across all cortex layers (Rockel et
al., 1980). They report 109.2 neurons in the motor cortex sampled region, and a thickness of 1 mm.
This translates to 145600 neurons/ mm?2. Rockel reports 111.9 cells in the somatosensory cortex
sampled area. Fenlon gives a somatosensory adult mouse cortical thickness of 1.7 mm (Fenlon et al.,
2015). Grand'Maison reports somatosensory cortex thickness of 1.1 mm (Grand’maison et al.,
2013). We therefore used an average thickness of 1.4. The resulting density is 110,000
neurons/mm3. Rockel reports 110.8 cells in the frontal cortex. Grand'Maison 2013 reports frontal
cortex thickness of 0.76 mm, so the resulting density is 190,000 cells/mm?. Rockel reports 110.5 cells
in the temporal cortex. Grand'Maison found a thickness of 0.88 mm so the resulting density is
170,000 cells/mm3 (Grand’maison et al., 2013). Rockel reports 104.7 cells in the parietal sampled
region and a thickness of 0.6 mm, which translates to 230,000 neurons/mm?. Rockel reports 112.2
neurons per sampling region in visual cortex. Using their thickness of 0.7 mm for mouse primary
visual cortex gives 214,000 neurons/mm?. Rockel found an 18% linear shrinkage factor for human
tissue, but did not report the shrinkage factor for mouse. It can be expected that the densities
uncorrected for shrinkage are higher than they would otherwise be.
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Cragg found 92,400 neurons per mm3 in mouse visual cortex (Cragg, 1967).

Heumann measured primary visual cortex of the mouse at 194,000 neurons per mm3 (Heumann et al.,
1977).

Barrera found 0.0013559 oligodendrocytes/um? in the barrel hollow, and 0.001608 cells/um? in the
septa/barrel wall (Barrera et al., 2013). They used 50 pum sections, so the densities are 27,118 and
32,160 for and total average of 29,674 cells/mm?®.

Doucette found 20 oligodendrocyte lineage cells/S00 pm? with 8 um thick sections (Doucette et al.,
2010). The resulting density inferred was unrealistically high.

Hill measured S100p astrocytes in superficial layers of somatosensory cortex (Hill et al., 2014). The
mean was 9,548 cells/mm?® and 2,589 oligodendrocytes/mm?.

White matter

Scafidi found 85 oligodendrocytes / (1e6 um?®), or 85,000 cells/mm? in the white matter (Scafidi et
al., 2014).

Tremblay found the density of microglia and oligodendrocytes using an average of 65-75 nm thick
sections (Tremblay et al., 2012). They found 1.0 and 0.4 oligodendrocytes/10,000 um? field of view
in the auditory and visual cortices respectively. We assume an effective sampling thickness
corresponding to an assumed diameter of 10 um per cell. This is because cell somas that intersect the
thin section in this diameter range are assumed to be counted. Such a correction leads to densities of
10,000 and 4,000 cells/mm3. For microglia light microscopy using 40 pm thick slices they found 300
and 290 microglia/mm? for auditory and visual cortices respectively, which corresponds to densities
of 7,500 and 7,250 microglia/mm?.

Optic Nerve

Pernet found 1,972 oligodendrocytes/mm? in the optic nerve, using 10 pm thick sections, which
implies a density of 197,200 oligodendrocytes/mm? (Pernet et al., 2008).
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Striatum

Andsberg quantifies the total number of NeuN-immunoreactive neurons as 802679 + 31665, the
parvalbumin-containing interneurons as 11,231 + 1278, the NADPH-diaphorase-stained interneurons
as 11,817 + 1191, and the ChAT-positive interneurons as 9,437 = 985 (Andsberg et al., 2001).
These numbers are for one side of the brain only. Assuming a whole brain striatal volume of 14 mm?3
(Stearns et al., 2007) this results in a density of 114,700 cells/mm? for Neuron-immunoreactive
neurons, 1,688 for NADPH-diaphorase-stained interneurons and 1,348 cells/mm? for ChAT-positive
interneurons. Striatal volume estimates will vary according to source.

Baker quantified BALB/cJ and CBA/J neuronal densities in the striatum. We averaged these together
to obtain a final number: (90,593+89,722)/2 neurons/mm3=90,157.5 neurons/mm?® (Baker et al.,
1980).

Binder found a density of 1,250 and 1,260 GST+ oligodendrocytes/mm? in rostral and caudal
striatum respectively, using a slice thickness of 10 um. Therefore, the densities are 12,500 and
126,000 oligodendrocytes/mm? respectively, for a mean of 12,550 oligodendrocytes/mm?® (Binder et
al., 2011)

Pott measured cells densities in the basal ganglia using a slice thickness of 5 um. Assuming the cells
have a diameter of 10 pm, and that any soma which protrudes into the volume is counted, we can
estimate the volume density (Pott et al., 2009).

Cell Type Medial Medial Lateral Lateral Mean
cells/mm? Density Density Density
cells/mm? cells/mm? cells/mm?® cells/mm?
Microglia 60 4,000 80 5,333 4,666
Oligodendrocytes | 210 14,000 91 6,066 10,033
Astrocytes 5.1 340 1.2 80 210

Table S3. Densities derived from (Pott et al., 2009).

These values seem much different from other reported values, and they were less than half than what
was found in other studies of the basal ganglia. We therefore excluded this study.
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Rauskolb found 0.00148 oligodendrocytes/um? in the striatum, using 60-70nm thick sections
(Rauskolb et al., 2010). Assuming that oligodendrocytes have a diameter of 10 um, and that all cells
that pass through the center of the counting plane are counted, this corresponds to a density of
148,000 oligodendrocytes /mm3. This seems quite high. We therefore excluded this study since it was
more than twice the density found in other studies of the striatum.

Amygdala

Morris et al. found volumes of 0.296 and 0.3296 mm? for the left and right posterodorsal nucleus of
the medial amygdala (MePD) in males, and 0.1768 and 0.1824 mm? for females (Morris et al.,
2008). They found neuron numbers of 29,061 and 26,612 for the left and right MePD in males, and
21,551 and 16,326 for females, which correspond to densities of 98,179 and 80,740 neurons/mm? for
males and 121,890 and 145,900 neurons/mm? for females. The overall average density is therefore
111,600 neurons/mm?3. Similarly, for glia, they found absolute numbers of 15,860 and 23,704 for the
left and right MePD in males, and 12,507 and 13,134 for females, which correspond to densities of
53,581 and 71,917 glia/mm? for males and 70,741 and 72,007 glia/mm? for females. The overall
average glia density is 67,062 glia/mm?.

Locus ceruleus

Burguet et al. found 1,873 neuronal cell bodies in the locus ceruleus at P30 and 1,349 at P90
(Burguet et al., 2009). If one assumes the number declines linearly with age, at P60 the number
would be 1611. This corresponds to a density of 31,837 neurons/mm? if a volume of 0.0506 mm?3 is
used (Lein et al., 2007).

This locus ceruleus results compares to (Maurin et al., 1985) who used immune-histochemistry to
count 947 neurons and histofluorescence to label 1,055 neurons, corresponding to densities of 18,694
and 20,826 with an average of 19,760 neurons/mm?.

Hippocampus

Using the results from Fabricius 2008 we calculated the density of neurons by dividing the number of
neurons by the volume of the region (Fabricius et al., 2008).

Region Density (neurons/mm?)
Subiculum 181/2.51=72.11
CA4 27.9/0.75=37.2
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CAl 250/1.07=233.64
CA3 180/1.46=123.28
DG 674/1.39=484.89

Table S4. Densities derived from (Fabricius et al., 2008).

Shimada quantified the number of GFAP+ astrocytes in the different regions of the hippocampus,
using 50 um thick sections (Shimada et al., 1992):

Region Count per mm? Density
Str. lacunosum-moleculare * 2,872 57,440
Str. oriens 2,256 45,120
Str. moleculare 1,804 36,080
Str. radiatum 1,538 30,760
Str. lucidum 1,450 29,000
Hilus fascia dentata 1,412 28,240
Str. pyramidale (CAI, CA3) 180 3,600
Str. granulosum 91 1,820

Table S6. Densities derived from (Shimada et al., 1992).

The mean density of these hippocampal regions is thus 29,008 astrocytes/mm?.

Wu measured the astrocyte density in senescence-accelerated-prone and resistant mice. At three
months, astrocyte density was similar for both cases. We took the SAMR1 as most representative of

normal mice.

Jenrow measured neurons in the dentate gyrus and CA3 (Jenrow et al., 2006), finding a mean of
11,980 neurons/mm? for the dentage gyrus and 20,700 neurons/mm? for CA3.

Geisert measured the hippocampus volume of CB6F1 mice as 8.73 mm?, and found 182,000 neurons,
42,000 GFAP-labelled astrocytes, 38,000 S-100B-labelled astrocytes, and 38,000 microglia in the
same strain (Geisert et al., 2002). This implies a density of 20,848 neurons/mm?q, 4,811 GFAP
astrocytes/mm?3, 4,353 S-100B astrocytes mm?, and 4,353 microglia/mm?,
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Vinet found the expression of oligodendrocyte subclasses in hippocampus, using 50 um thick slices
(Vinet et al., 2010). The density varies across subregions in an intricate pattern.

Kempermann found that the total number of cells in the dentate gyrus is 239,000 (Kempermann et
al., 1997). Dividing by the dentate gyrus volume that they report of 2.63 * 1e8 pm?® * 10° mm?3/um?
gives a density of 9,087 cells/mm?3. Alternatively, they report a sample volume of 9,000 um?® and cells
counted per sample volume is 8.14. Therefore, density is 8.14 cells/ (9000 * 10°° mm?) =904,444
cells/mm3,

Jinno found that in the CA3 region, there is no significant difference in the densities of pyramidal
neurons along the dorsoventral and transverse axes (dorsal, 165,200 /mm? versus ventral, 172400
pyramidal neurons/mm?) (Jinno and Kosaka, 2010). We therefore, averaged the densities to obtain an
average estimate of (165.2e3+172.4e3)/2=168,800 pyramidal neurons/mm?,

Kurt found an average of 625,080 neurons/mm? in the dentate gyrus of 16-17 month old mice (Kurt
et al., 2004). They found neuron densities of 154,740 neurons/mm?in CA3 and 302,926 neurons/mm?®
in CAL

Wirenfeldt found the number of Mac-1-positive microglial cells in the unilateral dentate gyrus of the
normal young adult male C57BL/6 mouse to be 12,300 (Wirenfeldt et al., 2003). Dividing by the
volume of 3.1 mm? gives a density of 3,968 microglia/mm?.

Pitts assessed PV interneuron density per mm? section (Pitts et al., 2013). They used 40 pm thick
slices.

Region cells per mm?
SC 5,329
MS 1,678
CAl 1,480
CA23 2,171




DG

493

IC

4,836

Table S7. Densities from (Pitts et al., 2013).
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Schmalbach measured cell density in various regions (Schmalbach et al., 2015):

Hippocampus CAl | 1,314,815
Pyramidal

Hippocampus PV 3,100
interneurons

Hippocampus Reelin | 8,200
interneurons

Hippocampus S100 | 12,226
astro

Hippocampus 2,143
microglia

Cingulate Neun 154,839
neurons

Cingulate PV 8,150
interneurons

Cingulate S100 astro | 8,920
Cingulate microglia | 6,843

Table S8. Densities from (Schmalbach et al., 2015).

In the dentate gyrus of rate, Jahanshahi (Jahanshahi et al., 2009) counted 17.52 astrocytes in a
volume of 20,000 um2 by 7 um, which corresponds to a density of 125,142,
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Long found 18800 MAC1+ microglia /mm? in mouse dentate gyrus and 22300 microglia /mm?3 in
CA1l (Long et al., 1998).

Thalamus

Heumann found the total number of neurons in the lateral geniculate nucleus to be 16936 at 60 days
of age (Heumann and Rabinowicz, 1980). The volume was 0.1521 mm?. Therefore, the density is
111348 neurons/mm3. They also found that total glia number is 12315, yielding a total density is
80966 glia/mm®.

Yamada counted the number of neurons in a sampling volume (Yamada et al., 2001). For a volume
of 50x50x50 um in the VVPL, 63.4 cells were found, which translates to a density of 507,000 neurons/
mm?. For a volume of 50x50x40 um in the VPL, 60.3 cells were found, which translates to a density
of 603,000 neurons/mm3. For a volume of 50x50x40 um in the ventrolateral nucleus, 38.9 cells were
found, which translates to a density of 389,000 neurons/mm?,

For 10 um thick sections of the VPM, Sargeant (Sargeant et al., 2011) found 886.9 cells/fmm2, which
translates to a density of 88,700 cells/mm?.

Kuronen (Kuronen et al., 2012) found 34150 neurons at 1 months and 34,830 at 3 months, which
extrapolates to 34,500 at 2 months. Assuming a VPM volume of 0.445359375 mma3, this translates to
a density of 77,500 cells/mm3. In the dorsal LGN 23,600 neurons were present at 1 month and 20,300
at 5 mo, which extrapolated to 2 months is 23,000 cells. Assuming a dorsal LGN volume of 0.1314
mm?, this translates to a density of 175,000 cells/mm3.

Jeffrey found 20,000 neurons total in dLGN (Jeffrey et al., 1995). Assuming a volume of 0.1314
mm?, this corresponds to a density of 152,000 neurons/mm?,

Scott found 17,000 neurons total in dLGN (Scott et al., 1994). Assuming a volume of 0.1314 mm?3,
this corresponds to a density of 130,000 neurons/mm?.

Dursun found 17700 neurons total in dLGN at P20 (Dursun et al. 2011) . Assuming a volume of
0.1314 mm?3, this corresponds to a density of 135,000 neurons/mm?.
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In the dLGN, Weimer found 3750 large projection neurons in a volume of 8.2e7 um3 in 129/SvJ
mice (Weimer et al. 2006). This corresponds to a density of 45,000 cells/mm?.

Lateral Vestibular Nucleus

Sturrock counted 744 neurons in the lateral vestibular nucleus (Sturrock, 1989). Dividing by the
volume of 0.5/2=0.25 mm? (Lein et al. 2007) for a single nucleus results in a density of 2,976
neurons/mm?.

Subthalamic nucleus

Sturrock counted 5,288 neurons in the subthalamic at six months of age (Sturrock, 1991). Dividing
by the single nucleus volume of 0.0643/2 mm? (Lein et al. 2007) gives a density of 164,479
cells/mmé,

Substantia nigra and VTA

Zhang found 3,700 tyrosine hydroxylase positive neurons (interpreted to be dopaminergic neurons)
in SNpc at P28 and 3,500 in the VTA (Zhang et al., 2007). Dividing by the volumes of 0.230 mm?3
and 0.240 mm?® yields a density of 16,087 and 14,583 dopaminergic neurons/mm?2. The number of
calbindin positive cells was 1,000 and 2,200 in the sNpc and VTA, corresponding to densities of
4,348 and 9,167 cells/mm?.

Zhang found 4,700 tyrosine hydroxylase positive neurons in the SNpc, in a volume of 0.230 mm?,
which corresponds to a density of 20,435 neurons/mm?2. (Zhang et al., 2012).

Bing found 2,900 TH positive neurons in SNpc. Dividing by the volumes of 0.230 mm? gives a
density of 12,600 neurons/mm3(Bing et al., 1994).

Bayer found 4,520 TH positive neurons at P1 in SNpc and 3,472 in the VTA (Bayer et al., 1994).
Dividing by the volumes of 0.230 mm? and 0.240 mm? from Zhang (Zhang et al., 2007) yields a
density of 19,700 neurons/mm? in the sNpc and 14,500 neurons/mm? in the VTA.

Spinal Cord

Anderson found 60 glia/mm? and 30 oligodendrocytes/mm? in spinal cord (Anderson et al., 1998).
Each slice is 8 um thick. Therefore, the density is 7,500 and 3,750 cells/mm?, respectively.

Huang found 29 oligodendrocytes/mm? using 12 pm sections (Huang et al., 2012), which
corresponds to a density of 2,417 oligodendrocytes/mm?.

.. .. . . . 10
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Olfactory Bulb

Caggiano used 30 pm sections of rat olfactory bulb to find microglia density per 1,000 pm?
(Caggiano and Brunjes, 1993).

Region Ramified Ramified Density | Ameboid Ameboid
Density

SBE 0.219 7,300 0.158 5,266

GCL 0.20 6,666 0.015 500

MCL 0.23 7,666 -- --

EPL 0.28 9,333 0.015 500

GLM 0.2 6,666 -- --

Table S9. Densities from (Caggiano and Brunjes, 1993), in microglia/mm3.

Richard used 20 pum sections of olfactory bulb. In the glomerular layer, densities of NeuN+ and TH+
PG cells at two months were 1,077 cells/mm? for NeuN and PG cells, and 318 cells/mm? for TH+ PG
cells, with corresponding densities of 53,850 and 15,900 cells/mm?. (Richard et al., 2010).

Corpus callosum

Reyes-Haro measured rat corpus callosum astrocyte and glia densities at P30 (Reyes-Haro et al.,
2013). They used 30 um thick sections. Accounting for section thickness and averaging the Genu,
Body, and Splenum together leads to an average astrocytes density of 4,810 and total glia density of
55,700 cells/mm?,

Cochlear Nucleus

Trune measured neuron density in the cochlear nucleus, using 10 um sections (Trune, 1982).

Neuron Type Neurons/10000 pm? Neurons/mm?

Poly 13.58 135,824

11
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Oct 6.63 66,321
Mul 9.58 95,759
Glob 16.85 168,483
SSPH 21.03 210,282
LSPH 25.70 257,035

Table S10. Densities from (Trune, 1982).

Cerebellum

Vela measured the microglia density in several regions of the cerebellum (Vela et al., 1995).

Region Microglia/mm?3
ML 1,367
GL 3,281
WM 3,992
VN 5,632

Table S11. Densities from (Vela et al., 1995).

Zanjani found the granule cell density to be 105 cells per volume of 16,000 um?, or 6,562,500
cellssmm?3 (Zanjani et al., 1997). They found the number of inferior olivary neurons to be 14,250,
which assuming a volume of 0.58 mm? for the inferior olivary complex (Lein et al 2007) results in a
density of 24,598 neurons/mm?3, Zanjani found 25e6 granule cells per hemisphere, and a granule cell/
purkinje cell ratio of 235, which implies a PC number of 213,000. Since the Purkinje cells are found
in a 2D sheet, it is more appropriate to describe them in number/area units rather than
number/volume. We used the Allen Institute Brain region annotation dataset to estimate the area of
the purkinje cell containing layer to be 176.2 mm? for the whole brain. Therefore, the density of PCs
is 1210 cells/ mm?2,

Caddy found that the mean number of Purkinje cells between 10 and 730 days was 177,000, and
using purkinje cell containing layer to be 176.2 mm? the PC density is 1000 cells/mm2. At P26 the
granule cell number was 27 million and at 730 days 28 million (Caddy and Biscoe, 1979). The mean

.. .. . . . 12
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number of olive neurons between 14 and 730 days post-natal was 32,700. They found that the ratio of
Purkinje cells to olive cells is ca. 5.4:1, of granule cells to Purkinje cells is ca. 170:1, of Purkinje cells
to deep cerebellar nuclei neurons is ca. 10:1, and of olive neurons to deep cerebellar nuclei neurons is
ca. 1.85:1.

In C57 BL/6 at age 3-4 months, Hadj-Sahraoui found 149,000 Purkinje neurons (Hadj-Sahraoui et
al., 1996), which leads to a density of 846 cells/mm? when taking the purkinje cell containing layer to
be 176.2 mm?,

Fan found 222,600 PCs (Fan et al., 2001), which leads to a density of 1263 cells/mm? when taking
the purkinje cell containing layer to be 176.2 mm?.

Doulazmi found 185,000 PCs (Doulazmi et al., 1999), which leads to a density of 1050 cells/mm?
when taking the purkinje cell containing layer to be 176.2 mm?.

Woodruff-Pak found 194,000 PCs (Woodruff-Pak, 2006), which leads to a density of 1100 cells/mm?
when taking the purkinje cell containing layer to be 176.2 mm?2,

Isaacs measured 216,795 PCs (Isaacs and Abbott, 1995), which leads to a density of 1230 cells/mm?
when taking the purkinje cell containing layer to be 176.2 mm?.

Foerster measured cell densities in various regions (Forster, 2008) :

Region Cell Type Density in cells/mm?®
Cerebellum CNPase+ oligodendrocytes 15,000

Purkinje neurons 17,000

Stellate and Basket cells 14,000
Cerebellum granular CNPase+ oligodendrocytes 5,400

Iba+ microglia 3,500

13
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S100 astrocyte 5,400
Molecular Iba+ microglia 3,500
Striatum Iba+ microglia 11,300
S100 astrocyte 10,800
CNPase+ oligodendrocyte 5,300
PV+ cells 1,430
All neurons 128,000
All Cells 292,000

Table S12. Densities obtained from (Forster, 2008).

Inferior Olive

Cunningham tabulated neuron and astrocyte numbers and volume in the rat inferior olive
(Cunningham et al., 1999). At P30, neuron numbers were 9495, 4397, and 3876 in the medial
accessory olivary nucleus (MAO), dorsal accessory olivary nucleus (DAQ), primary olivary nucleus
(PO) and 22260 overall. Astrocyte numbers were 7403, 3815, 3343, and 14758 in the same regions.
The volumes were .1553, .0740, .0697, and .299 mm?®. The corresponding neuron densities were
61140, 59419, 55610 , and 74448 and the astrocyte densities were 47669, 51554, 47963, and 49358
astrocytes/mm?,

Hypothalamus

Mouton found 750,000 neurons in the hypothalamus (Mouton, 2014). Dividing by the volume of
(1.18+1.16)/2=2.34 mm? (Namavar et al., 2012) gives a density of 320,512 neurons/mm?.

.. .. . . . 14
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Validating Densities

We sought to use alternative calculations to assess the expected ranges of cell densities. Alternative
estimates of astrocyte and endothelial cell density show that numbers from the literature are largely
consistent.

Endothelial Cells

A geometrical approach can be used to estimate endothelial density. Brain vasculature is
approximately 1.3 % of neuropil (Chklovskii et al., 2002). Capillary diameters in rat are typically 4.1
um (Huack et al 2004, Michalaudi 2006) and in mouse they range from 3.5 to 4.0 um (Tsai et al.,
2009). For the following analysis we will therefore use a capillary thickness of 4.0 um. The
endothelial cells form the capillary and their thickness distribution extends from about 0.2 um at
regions far from their nucleus, to about 0.9 pm near the nucleus (Farkas and Luiten, 2001; Nicaise et
al., 2009). If we use the lower end of the range, then the ratio of the interior area to the outer area is
91% and the percentage of capillary cross-sectional area occupied by endothelial cells is 9%. If we
assume the higher end of the range, then the ratio of the interior area to the outer area is 67% and the
percentage of capillaries occupied by endothelial cells becomes 33%. The microvasculature
endothelial cells have an average volume of 400 um® (Haas and Duling, 1997). Therefore, using this
geometrical approach, the expected density should lie in the range of 2,925 endothelial cells/mm? to
10,725 endothelial cells/mm?.

An alternative method of calculating density based on endothelial cell volume relies on direct
measurement of the volume. The endothelial volume in the brain is only 0.2% of the total cell
volume (Pardridge, 1999). Combining this with the single endothelial cell volume per cell estimate
results in an estimated density of 5,000 endothelial cells/mm?,

Pericytes

There is a 1:1 to 3:1 ratio between endothelial cells and pericytes (Mathiisen et al., 2010; Sims,
1986) so a density of 5,000 endothelial cells/mm? would correspond to a pericyte density between
1666 and 5,000 pericytes/mm?®. ). In experiment though, there are 340 pericytes/mm?® (Sumner 1982).

Glia

We can set an upper bound on glia density. Approximately 8-10% of neocortex neuropil volume is
glia, and in the hippocampus it is 5% (Chklovskii et al., 2002; Korogod et al., 2015). S100p cells in
cortex have an estimated cell body volume of 159.5 um? (Garcia et al., 2010). If the cellular
processes are included, the volume of a cortical astrocyte is 14700 um? (Chvatal et al., 2007). This
estimate might be an underestimate of the volume as confocal microscopy cannot resolve the finer
details of astrocytic processes. Using the 8% volume figure with the total cell volume gives a density
estimate of 5,442 astrocytes/mm?. In practice, glia includes both oligodendrocytes and astrocytes and
other glia types which could have different cell volumes.

15
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The minimal densities for astrocytes were also computed by using counts of the projected domain
volume occupied by a single astrocyte. In the cortex, astrocytes have been reported with average
volumes of 21033, 36713 and 72664 pm?® (Halassa et al., 2007) and 31000 um?® (Grosche et al.,
2013). A domain volume of 31,000 um? corresponds to a density of 32,258 astrocytes/mm? in cortex.
In mouse hippocampus, domain volume values of 42,000 um? (Grosche et al., 2013) and 85300 um?
have been observed (Ogata and Kosaka, 2002). In rat hippocampus a volume of 65,900 um?
(Bushong et al., 2002) was reported. A domain volume of 65,900 pm? equates to a density of
15,175/mm? in hippocampus. This compares well to the 16,737 astrocytes/mm? average obtained
from the literature. These estimates should be regarded as a minimal density since although
astrocytes for the most part have their own distinct spatial domains, some overlap exists between
adjacent astrocytes (Ogata and Kosaka, 2002) .

Measurements of axon density in axons per surface can be related to the oligodendrocyte density in
different brain regions. For example, Barrera et al. 2013 measured 0.0290 axons/um? in the barrel
wall and 0.033 axons/um? in the barrel septa and corresponding implied oligodendrocyte densities of
27,118 cells/mm?and 32,160 cellsymm?. This implies a cell density to axon ratio of 935,100 and
974,550, and average of 954,825 (all in units of cells/axon/mm? *um?). This ratio can be applied to
other areas for which the axon density is known but the oligodendrocyte density is not. The
underlying assumption is that the ratio of oligodendrocytes to axon density is constant, although this
may not hold true when the axon diameter varies or myelination coverage is different.

Estimates of the ratio of glia to neurons in cortex are usually 1:2 (Gabbott and Stewart, 1987).
Therefore, assuming an average density of 100,000 neurons/mm?, we would expect a glia density of
50,000 glia/mm?3. The glia are mostly composed of astrocytes and oligodendrocytes, and the sum of
astrocytes and oligodendrocytes discussed above is consistent with the total glia density estimate.

Neurons

Dendrites occupy 29% of the total volume of neuropil (Braitenberg and Schiiz 1991). In rats raised in
an enriched environment, excitatory neurons have an average dendritic volume of 4540 pm?®
(Sirevaag and Greenough 1987). In practice, mouse neurons are expected to be smaller than rat
neurons. Assuming all the neurons in the cortex were excitatory, which they are not, the excitatory
neuron density would then be 63,877 neurons/mm?.

Excitatory synapse density in cortex is about 720 million synapses/mm? (Schiiz and Palm 1989).
Excitatory neurons have a range of 5,000 to 13,000 incoming synapses per neuron, consistent with
(Binzegger, Douglas, and Martin 2005). Therefore, the range of pyramidal cell densities is 55,385 to
144,000 neurons/mm?.

In adulthood, the relative percentage of asymmetrical to symmetrical synapses is 85.4%/14.6% (De
Felipe et al. 1997). Excitatory synapses tend to be asymmetric, while inhibitory ones are symmetric.
If we take the asymmetrical synapse density to be 720 million synapses/mm?3, the symmetrical
synapse density is 123 million synapses/mm3. Assuming that these synapses all originate from
interneurons, and that the number of outgoing synapses per interneuron is 3,000 (consistent with
(Binzegger et al., 2004)) the expected density is 41,000 inhibitory neurons/mm?.
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Type of Cell Methodology Estimate (cells/mm?)
Excitatory Neuron Synapse 55,385 to 144,000
Volume 63,877
Inhibitory Neuron Synapse 41,000
Glia Ratio to Neurons 50,000
Astrocyte Domain Volume 32,258
Cell Volume 5,442
Endothelial Geometrical 2,925 to 10,725
Pericyte Capillary Branch 4,596

Points

Table S13. Summary of cortical cell density ranges obtained using different methodologies.

Total Cells

To process the data from Murakami 2018, we used the Allen Brain Atlas region hierarchy to sum the
cell number of each sub-level region that constitutes each higher level region. Then we used the
meshes from the Allen Brain Atlas to compute the volume of each region. The density was the
number of cells divided by the volume of the region.

Comparison of Mouse and Rat

A systematic comparison of mouse and rat densities was beyond the scope of the review, but we
conducted a limited survey for two areas in which more literature data is available, the
somatosensory cortex and striatum.

Region Density Source

Somatosensory Cortex 110,200 cells/mm?3 (Renetal., 1992)

17
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119,000 cells/mm? (Nurnberger and Gordon,
1957)

112,000 cells/mg (116000 (Brizzee et al., 1964)
cells/fmm3)

Mean and STD 114,000+4,600

Dorsal Striatum 110,000 cells/mm?3 (Meitzen et al., 2011)
140,150 cells/mm?3 (Oorschot, 1996)

Mean and STD 125,000+20,000

Table S14. Rat neuron densities for somatosensory cortex and dorsal striatum.

We assumed that the specific gravity of cortex is 1.04 (DiResta et al., 1990) so that the density for the
Brizzee somatosensory cortex was 116,000 cells/mm?,

In the mouse somatosensory cortex (Table 1), we compute a mean and STD of 110,660 + 933 versus
114,000 £ 4,600 in the above table for rat. In the mouse striatum (Table 5), we compute a mean and
STD of 120,110 £ 31,800 versus 125,000 £ 20,000 in the above table for rat. The densities in these
regions are not statistically different between the two species (ttest; p=0.44, 0.8219 respectively).
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