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Summary

Objectives—~Patients with mTOR-dependent malformations of cortical development (MCDs)
associated with seizures display hyperperfusion and increased vessel density of the dysmorphic
cortical tissue. Some studies suggested that the vascular defect occurred independently of seizures.
Here, we further examined whether hypervascularization occurs in animal models of global and
focal MCD with and without seizures, and whether it is sensitive to the mTOR blocker, rapamycin,
that is approved for epilepsy treatment in tuberous sclerosis complex.

Methods—We used two experimental models of mTOR-dependent MCD consisting of
conditional transgenic mice containing 7scZ™!! cells in the forebrain generating a global
malformation associated with seizures and wildtype mice containing a focal malformation in the
somatosensory cortex generated by in utero electroporation (IUE) that does not lead to seizures.
Alterations in blood vessels and the effects of a two-week long rapamycin treatment on these
phenotypes were assessed in juvenile mice.

Results—Blood vessels in both the focal and global MCDs of postnatal day 14 mice displayed
significant increase in vessel density, branching index, total vessel length, and decreased tissue
lacunarity. In addition, rapamycin treatment (0.5 mg/kg, every two days) partially rescued vessel
abnormalities in the focal MCD model, but it did not ameliorate the vessel abnormalities in the
global MCD model that required higher rapamycin dosage for a partial rescue.

Significance—Here, we identified hypervascularization in mTOR-dependent MCD in the
absence of seizures in young mice, suggesting that increased angiogenesis occurs during
development in parallel to alterations in corticogenesis. In addition, a predictive functional
outcome is that dysplastic neurons forming MCD will have better access to oxygen and metabolic
supplies via their closer proximity to blood vessels. Finally, the difference in rapamycin sensitivity
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between a focal and global MCD suggest that rapamycin treatment will need to be titrated to
match the type of MCD.

Keywords

tuberous sclerosis complex; focal cortical dysplasia; hyperperfusion; mTOR; rapamycin;
everolimus; epilepsy; tuber; vessel; microvessel; hypervascularization

Introduction

Malformations of cortical development (MCDs) are often (80-90%) associated with epilepsy
and developmental delay in young children and are among the most common causes of
intractable epilepsy-3. A large subset of MCDs result from de novo somatic mutations
occurring during brain development affecting mTOR pathway genes*13 and share similar
cytoarchitectural abnormalities. Those include: 1) Focal cortical dysplasia type 11 (FCDII)
and tuberous sclerosis complex (TSC) characterized by disruption of normal cortical laminar
structure within a restricted (or focal) cortical region and the presence of large dysmorphic
neurons; and 2) hemimegalencephaly characterized by hemispheric loss of laminar structure
and the presence of dysmorphic neurons4-16,

In epilepsies due to MCDs and hippocampal sclerosis, ictal activity is accompanied with
hyperperfusion of the epileptogenic focil’-21. Hyperperfusion, which corresponds to
increased blood flow, has been commonly associated with elevated metabolic needs of
neurons in the epileptic foci?2. However, recent evidence also suggests that hyperperfusion
may be related to vessel alterations, and in particular increased vessel density, that were
reported in MCDs from patients with hemimegalencephaly and FCD8: 19 Such vascular
alteration is conceivable considering that mTOR hyperactivity in TSC and FCDII-related
MCD in mice and humans leads to increased production of vascular endothelial growth
factor (VEGF) that regulates angiogenesis?3-26. Nevertheless, experimental data related to
vessel alterations in mTOR-dependent MCD are limited. Another unaddressed question is
whether the vasculature alterations are rapamycin-sensitive and thus mTOR-dependent. This
is an important question because an analog of rapamycin, which blocks mTOR activity, has
been approved for epilepsy treatment in TSC patients and decreased seizure frequency in
40% of the patients at the highest dose tested?”.

Here, we thus set out to investigate whether vessel density was altered in experimental
models of mMTOR-dependent MCD in mice. The models consisted of wildtype mice
containing a mTOR-dependent focal malformation in the somatosensory cortex that does not
lead to seizures?8 and transgenic mice containing conditional 7sc2"!! pyramidal neurons
and astrocytes in the forebrain generating a global malformation associated with

seizures?% 30, We found that in both models, there was a significant increase in vessel
density associated with an increased total vessel length and decreased lacunarity. These data
suggest that mTOR-dependent MCDs are hyperperfused independently of seizure activity
and that dysmorphic neurons in the MCD are closer to blood vessels and have a greater
access to nutrients. With respect to the rapamycin sensitivity, we found that a rapamycin
treatment paradigm that attenuated neuronal alterations in the focal MCD model also
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partially rescued vessel alterations in this model, but it did not prevent alterations in the
global MCD model. These findings suggest that the dosage of rapamycin will need to be
calibrated to the sizes of the MCD and the degree of mTOR activation to fully rescue vessel
alterations.

All procedures and protocols were approved by Yale University Institutional Animal Care
and Use Committee. All mice used were timed pregnant CD-1 mice (Charles River
Laboratories) and pups that were born from those mothers. We also used transgenic mice
generated by breeding R 7scZ/fl mice (fl: floxed and R: Rosa26R-Stop-tdTomato) with

R 7sc2vUmut (wi: wildtype and mut for mutant) that had been crossed with £mxC™ mice
(see Figure 1A for diagram). The 7scZf/fl and 7sc2/mut mouse lines were generated by
David J. Kwiatkowski (Brigham and Women’s Hospital, Harvard Medical School,
Cambridge, Massachusetts, USA) and were obtained from Jackson Labs and national cancer
institute, respectively. The £mxZ-" and R26R-tdTomato reporter mouse lines were obtained
from Jackson Labs. Both male and female mice were used for analysis. Tail or toe samples
were taken and were subjected to DNA isolation and PCR amplification. Amplicons were
separated by standard electrophoresis methods. For genotyping transgenic mice, we used the
previously reported primers30: 31,

In utero electroporation and plasmids

Timed pregnant embryonic (E) 15 CD-1 mice were anesthetized and the uterine horns were
exposed. DNA plasmid constructs were injected into the lateral ventricle of the fetuses
(concentrations ranged from 1-2 ug/ul per construct depending on the experiment). Fast
green was added at 0.01% w/v for visualization of injection. To electroporate constructs into
neural progenitors, 5 mm tweezertrodes (BTX) were used to pass five 50 ms 39 V pulses.
Plasmids included: pCAG-tdTomato32, pCAG-TagBFP (gift from J. Breunig (Cedars Sinai,
Los Angeles), pPCAGGS-RhebCA (1.5 pg/ul, mutation S16H, gift from T. Maehama and K.
Hanada, National Institute of Infectious Diseases, Tokyo, Japan33).

Transcardial perfusion and immunofluorescence

Mice were transcardially perfused with 100 pl Alexa Fluor 488-conjugated dextran (0.5%,
3,000 and 20,000 MW, Thermofisher, #D22910) for 3 minutes. Brains were then collected,
fixed in 4% paraformaldehyde for 24 hours, and sectioned coronally on a vibratome (Leica
VTS 1000) at a thickness of 100 um. For immunofluorescence, free-floating sections were
incubated for 1 hour in a blocking solution (2% bovine serum albumin and 0.1% Triton-X in
PBS) at room temperature and then incubated with primary antibodies overnight at 4°C.
Sections were washed with PBS + 0.05% Tween 20 and then placed in blocking solution
containing secondary antibodies for 1 hour at room temperature. The primary antibodies
used were rabbit anti-Cux1 (Santa Cruz sc-13024, 1:100) and rabbit anti-glial fibrillary
acidic protein (GFAP) (CST, #12389, 1:1000), and the secondary antibody was a goat anti-
rabbit Alexa Fluor 633 (ThermoFisher, #A-21070) used at 1:1000. All images were taken
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using an FVV1000 confocal microscope (Olympus). Data obtained with both dextran dyes

were similar and were thus pooled.

Drug treatment

For in vivo injections, rapamycin (A.G. Scientific Inc., #R-1018) was dissolved in DMSO at
a concentration of 12.5 mg/ml and resuspended in vehicle (0.25% PEG-400 and 0.25%
Tween 80) at a final concentration of 0.1 mg/ml. Mice received 7 intraperitoneal injections
of 0.5 mg/kg rapamycin every other day from P1 to P14. \ehicle treatment contained the
same volume of DMSO.

Quantification of neuronal distribution, soma size, dendritic morphology, and vessel

analysis

Statistics

Results

The number of tdTomato+ cells was counted using the Cell Counter plugin for ImageJ. Only
cells within the grey matter of the cortex were quantified. For quantification of cells in layer
2-4, the boundary between layer 2-4 and layer 5 was determined using Cux1 staining. Soma
size was quantified by outlining the soma of tdTomato+ cells and measuring the area using
ImageJ. For the dendritic analyses, we performed Sholl analysis using Fuji simple neurite
tracer as described before30: 34 \iessels were analyzed in layer 2/3 in Rheb®A-expressing
mice and in all layers in transgenic 7scZ mice using automatic software AngioTool3°.

Analyses were performed in a blinded fashion. More specifically, after imaging brain
sections, all images are saved using the same color and the file names are randomized. The
condition is thus unknown to the investigator performing analysis.

Data were analyzed and presented using Prism 7 (Graphpad). Statistical significance was
determined using unpaired two-tail t-tests and one-way ANOVA with Tukey post-test. All
errors bars are given as SEM.

Transgenic Tscl mice with global MCD display hypervascularization

To assess vessel density in global mTOR-dependent MCD, we used transgenic mice in
which 7scZ was removed from forebrain pyramidal neurons and some astrocytes resulting in
convulsive seizures and death at postnatal day (P) 18-212% 36, To generate these mice, we
bred R 7sc2 mice (fl: floxed and R: Rosa26R-Stop-tdTomato) with R 7sc2VYmut (w:
wildtype and mut for mutant) that had been crossed with £mx2C" mice. This breeding
scheme generated littermate £mxIC™-R TscIWt and Emx1CTe-R Tsc1f/mut pups,
corresponding to 7sc2"¢t mice containing tdTomato-positive 7scz"tand 7scz!l pyramidal
neurons and some astrocytes in the forebrain, respectively (Fig. 1A), which recapitulated the
genotypes of TSC patients3’. Indeed, EMX1 is expressed by embryonic day (E) 9.5 in a
subpopulation of dorsal telencephalic radial glia that generate pyramidal neurons and
astrocytes in the forebrain38. As previously reported, transgenic 7scZ mice containing
7sc1!l cells displayed enlarged cortices compared to those containing 7sc2net cells29: 30; 36
(Fig. 1B and 1C). To label blood vessels, mice were transcardially perfused with a green

Epilepsia. Author manuscript; available in PMC 2020 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhang et al.

Page 5

fluorescent dextran (Alexa Fluor 488, noted Dextran-AF488) dye at P14. In coronal sections
at the level of the somatosensory cortex, an increased in vessel density was visible by eye in
EmxICe-R TscImut mice (Fig. 1C). To then analyze several parameters of vessel
branching, we used the automatic software AngioTool3®. In this software, a vessel is defined
as a segment between two branching points or a branching point and an end-point. Figure
1D illustrates images of blood vessel modeling after analysis. Using this software, we found
that vessel density, which is the percentage of area covered by vessels, significantly
increased by ~25% (Figure 1E, statistics and N are in the figures). This change was
accompanied by a 25% increase in junction density (branching index, Fig. 1F) and an 83%
increase in total vessel length (normalized to the area, Fig. 1G). Consistent with the
hypervascularization, there was a significant 34% decrease in the tissue lacunarity (Fig. 1H),
which indicates that the “holes” formed by vessels became smaller and thus individual
neurons are closer to blood vessels.

Mice with focal MCD display hypervascularization

Using transgenic 7scI mice leads to a global forebrain MCD which is not representative of
most patients’ FCD that are more spatially restricted. In addition, using the transgenic 7sc1
mice with global cortical malformation leads to seizure activity preventing us to assess
whether the presence of dysmorphic neurons alone without seizure is sufficient to induce
hypervascularization. We thus used our previously described model of a focal MCD, in
which we manipulated mTOR activity in a subset of cortical neural progenitors during
corticogenesis?®: 34, In this model, a focal MCD in the somatosensory cortex did not lead to
seizures while a focal MCD in the medial prefrontal cortex led to seizures that were visible
starting at P2128. To generate this model, we introduced a plasmid expressing a
constitutively active form of Rheb (RhebCA 1.5 pg/ul at E15)28: 34: 39 40, the canonical
activator of mTOR, into neural progenitors lining the lateral ventricles of the developing
cortex through /in utero electroporation (IUE) (Fig. 2A). We introduced a concentration of
RhebCA that does not lead to seizures following IUE in the medial prefrontal cortex*!. For
control, littermates were electroporated with a blue fluorescent protein (BFP) expressing
plasmid. In both conditions, a red fluorescent protein (-tdTomato-)-expressing reporter was
co-electroporated to visualize the targeted cells. Dextran-AF488 was transcardially perfused
to label blood vessels at postnatal day (P) 14 (Fig. 2B). IUE performed at E15 consistently
resulted in plasmid expression in the superficial layers (2/3) neurons of the targeted cortical
area, the somatosensory cortex (Fig. 2C). By eye, we could readily observe that RhebCA-
expressing neurons were misplaced and scattered across the cortical layers and their soma
appeared larger (Fig. 2D). To further confirmed the lack of seizures, we immunostained for
the astrocytic marker GFAP because astrocyte reactivity detected by increased GFAP
staining accompanies seizure activity?8. There was no increase in GFAP immunostaining
(Supplementary Figure 1). As observed using transgenic mice, analysis using AngioTool in
sections from P14 mice (Fig. 2E) revealed a significant 20% increase in vessel density (from
35% to 43% of covered area, Fig. 2F) associated with significant increases in their branching
index (25%, Fig. 2G) and total vessel length (79%, Fig. 2H), and a significant 35% decrease
in tissue lacunarity (Fig. 21). Finally, the density of endpoints (i.e., open ended segments)
was not altered (data not shown). To determine whether these vessel abnormalities extended
outside the MCD, we analyzed non-electroporated regions surrounding the MCD or region
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electroporated with BFP (Fig. 3A). There was no hypervascularization surrounding the
MCD (Fig. 3B and C). These data further support the notion that hypervascularization
occurred independently of seizures.

Decreasing mTOR activity with a non-saturating dose of rapamycin reduces
hypervascularization in the focal but not the global MCD

Based on our past experience with rapamycin treatment in the focal MCD maodel, a 1 mg/kg
dose of rapamycin every other day from P1 to the time of analysis normalized cell
misplacement and dysmorphogenesis28. However, such a rapamycin dose severely altered
mouse growth. Here, we aimed at testing a dose that would have a lesser impact on the
mouse growth and would partially rescue the neuronal properties to remain in the linear
range of rapamycin dose-effect. We thus tested rapamycin at 0.5 mg/kg as previously used3°
and assessed the efficacy of this rapamycin treatment on cell misplacement and
dysmorphogenesis. As observed in Figure 2, Rheb®A-expressing neurons did not reach layer
2/3 and were scattered across cortical layers (Fig. 4A). To quantify cell misplacement, we
counted the number of cells that reached layer 2—4 identified by immunostaining for a
marker of layer 2-4 neurons, Cux1. Only 48% of RhebCA neurons reached their proper
location (Fig. 4B). In addition, soma size and total dendritic length were significantly
increased, which are typical alterations due to mTOR hyperactivity*2. We then tested the
effect of rapamycin on these alterations. A 14 day-long treatment of mice with a focal MCD
partially rescued cell misplacement (Fig. 4A and B) and soma size (Fig. 4C and D), while it
fully rescued total dendritic length (Fig. 4C and E). In transgenic 7scZ mice, the increased
cortical thickness associated with a global cortical malformation (see Fig. 1C) was not
rescued by rapamycin treatment (Fig. 5C).

We next assessed the efficacy of rapamycin treatment on blood vessels in each model. We
found that rapamycin (at 0.5 mg/kg) partially prevented all the parameters of vascular
abnormalities in the focal MCD, with rescues of vessel density and total vessel length, over-
rescue for branching index (junction density) and partial rescue for lacunarity (Fig. 5A and
B). Data were normalized to the control values used in Figure 1 and 2 because tissue
processing and analyses were performed at the same time. By contrast, the same treatment in
transgenic 7scZ mice did not rescue vessel alterations (Fig. 5C and D). We thus tested a
higher dose of rapamycin (1 mg/kg) in transgenic 7scZ mice. This dose of rapamycin
partially rescued all the vessel abnormalities (Fig. 5E and F). These data suggest that
different types of malformations, meaning focal or global, with different activation of the
mTOR signaling pathway display differential sensitivity to rapamycin treatment.

Discussion

Using mouse models of focal and global MCD, we found that both types of MCDs are
associated with hypervascularization leading to abnormal vessel patterning and decreased
lacunarity of the cortical tissue. In addition, hypervascularization was restricted to the focal
MCD. As a correlate of this finding, dysmorphic neurons in the MCD are in closer
proximity to blood-derived nutrients and metabolic supplies that may be permissive for
sustaining intense firing. Our finding adds to the large body of literature with respect to
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hyperperfusion of the epileptic foci and angiogenesis associated with epilepsy. It has been
extensively reported that ictal activity is accompanied with hyperperfusion of the epileptic
region. While it was thought that hyperperfusion resulted from functional alterations such as
increased metabolism due to the epileptic activity, two recent studies in tissue from FCD and
hemimegalencephaly patients provided evidence that hyperperfusion may also result from
hypervascularization8: 12 Qur study further validates this finding in mice and confirms that
hypervascularization occurs independently of seizures since P14 mice with FCD in the
somatosensory cortex did not experience seizure activity28. Our model also characterized the
types of vessel alterations, which include increased branching and total vessel length that are
accompanied with decreased lacunarity. These changes likely lead to increased oxygenation
and access to nutrients for cells in the MCD. Finally, we found that the vessel abnormalities
were restricted to the focal MCD although small differences or a gradient of abnormalities
may persist at the edge of the MCD.

Although we did not investigate how hypervascularization occurs in FCD or TSC, it has
been shown that dysmorphic neurons expressing hyperactive mTOR during development
release increased levels of VEGF23-26, an angiogenic factor3, It is thus reasonable to think
that VEGF released from dysmorphic neurons could contribute to the observed
hypervascularization. During development, the big penetrating vessels are formed during
embryonic life while capillarization of the brain parenchyma mostly occurs during postnatal
life and is highly dynamic**. It is also known that neurogenesis and angiogenesis are
coupled and altering one will affect the other4: 46. Thus, our data suggest that altered
neurogenesis leads to alterations in vessel formation possibly through VEGF release. These
data do not contradict with previous findings showing that epilepsy triggers angiogenesis*’.
Itis likely that both phenomena, i.e., hypervascularization prior to seizures in the case of
MCD and additional angiogenesis due to epileptic activity associated with MCDs, coexist.
Another question relates to the outcome of altered vascularization on seizure activity. It is
tempting to speculate that normalizing hypervascularization would metabolically starve
neurons and limit their ability to sustain epileptiform activity. Consistent with such a
prediction, it was reported that blocking angiogenesis prevented the establishment of clinical
seizures in the pilocarpine rat model#’. This prediction remains to be tested in our model
perhaps using FCD generated in the medial prefrontal cortex because they are associated
with seizures?8,

Finally, an important finding is that the blood vessel alterations in mice with a focal or a
global MCD were quite similar, but only hypervascularization in the focal MCD was
partially rescued by 0.5 mg/kg rapamycin treatment. The vessel abnormalities in the global
MCD required higher dose of rapamycin (1 mg/kg) for a partial rescue. The discrepancy in
rapamycin sensitivity between the two models showing similar hypervascularization remains
unclear. The main differences between the two models include differences in the levels of
mTOR hyperactivity, the size of the MCD and number of altered cells, and the occurrence or
absence of seizures. It is possible that the vascular defect reached a maximum, and higher
level of mTOR and/or seizure in the global MCD model requires more rapamycin to reach
the threshold for a rescue. Importantly, these data suggest that patients with MCD of
different sizes, which is common, or with different degrees of mTOR hyperactivity based on
the genetic variants for 7sc or 7s¢2 or mutations in the mTOR gene pathway will need
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different doses of rapamycin for treating vessel alterations. There is a thus a strong need for
personalized medicine in patients with mTOR-dependent MCD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key bullet points
Hypervascularization accompanies mTOR-dependent MCD.
Hypervascularization precedes the occurrence of seizures.

Vessel abnormalities include increased vessel density, branching index, and
total vessel length, and decreased tissue lacunarity.

Rapamycin differentially rescues vessel abnormalities in focal and global
MCD.
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Figure 1: Transgenic Tscl mice containing a global mTOR-dependent MCD display
hypervascularization.

(A) Diagram of the transgenic 7scI mice used (wt: wildtype, fl: floxed, and mut: mutant)
that contained 7sc2" cells or 7sc2™!! cells in a heterozygote (het) brains. (B) Images of the
brains of the two mouse genotypes. The forebrain is tdTomato-positive and is enlarged in
mice containing 7scI™!! cells as further illustrated by overlapping both cortices (far right).
(C) Images of Dextran-AF488-filled blood vessels in coronal sections containing 7scZmt
cells (left) and 7sc2™! cells (right) in the somatosensory cortex. Scale bars: 400 um. (D)
Examples of the modeling of blood vessels for analysis. (E-H) Bar graphs of the different
vessel parameters, including vessel density (E), normalized junction density (F), total vessel
length (G, normalized to control and by the area), and normalized lacunarity (H). N>2
sections per 3-5 mice (datapoints= values per section). Student’s t-test, ****: P<0.0001,
**:P<0.01, *:P<0.05.

Epilepsia. Author manuscript; available in PMC 2020 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Zhang et al.

Dextran perfusion
IUE of Rheb® Analysis %
1 1 ] €
I T 1 S
E15 PO P14 5
C Control D

Cuxl1

tdTomato

Dextran —AE488 -

Q
oo ¥
<t
LB
<3
c
©
=
=}
<
o

tdTomato

e/a

il

Dextran-AF488

E

Rheb*

o

L

Page 13

Control

© BFP
O Rheb®
ETTT)
T 15
2 5 40 g
o 8
203
28
§an
X
= 25 -
Z _ 160
2
S £ 120
©
=
G E
G2 eo
ez
=
S 40

Total vessel length
(Normalized)

Lacunarity
(Normalized)

Figure 2: Focal MCD are associated with hypervascularization.
(A) Diagram of experimental design. (B) Image of the tdTomato-fluorescent MCD and

dextran-AF488 fluorescence throughout the vessels. (C and D) Images of tdTomato-positive
cells containing BFP (panels in C, BFP not shown) or Rheb®” (panels in D) and Cux1
immunostaining (pseudo-colored blue), and images of dextran-AF488-filled blood vessels in
black (middle panels) and in green superimposed with tdTomato-positive neurons (bottom
panels) in coronal sections from the somatosensory cortex. Scale bars: 300 um. (E)
Examples of the modeling of blood vessels for analysis. (F-1) Bar graphs of vessel density
(F), normalized junction density (G), normalized total vessel length (normalized to control
and the area, H), and normalized lacunarity (1) in control (grey) and Rheb®A (green)

Epilepsia. Author manuscript; available in PMC 2020 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Zhang et al.

Page 14

condition. N=2 sections per mouse from 4-5 mice (datapoints= value per section). Student’s
t-test, ****: P<0.0001, **:P<0.01, *:P<0.05.
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Figure 3: Hypervascularization isrestricted to the MCD.
(A) Low magnification image of the cortex containing the tdTomato-fluorescent

electroporated region and dextran-AF488 fluorescence vessels. (B) Images of tdTomato-
positive cells containing a control plasmid (noted control) or Rheb®” (noted in the right) and
dextran-AF488-filled blood vessels in green or in black (shown alone) in coronal sections
from the somatosensory cortex. Scale bars: 200 pm. (C) Bar graphs of vessel density and
normalized junction density in control (grey) and Rheb®A (green) conditions. N>2 sections
per mouse from 4-5 mice (datapoints on graph= value per section). Two-way ANOVA
followed by Tukey test, ****: P<0.0001, **:P<0.01, *:P<0.05, and ns: not significant.
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Figure 4: Rapamycin partially rescues neuronal defectsin focal MCDs. (A Figure 4: Rapamycin
partially rescues neuronal defectsin focal M CDs.

(A) Images of tdTomato-positive Rheb®A-expressing neurons and Cux1 immunostaining in
coronal sections from mice electroporated with Rheb®A at E15 and repeated with either
vehicle or 0.5 mg/kg rapamycin from P1 to P14 every other day. A section containing
control BFP-electroporated neurons is shown in Figure 2. Scale bars: 300 um. (B) Bar
graphs of the percentage (%) of tdTomato+ control neurons (grey) and Rheb®A-expressing
neurons in L2-4 (based on Cux1 staining) in mice treated with vehicle (green) or rapamycin
(red). (C) Images of control neurons in mice electroporated with BFP + tdTomato and
RhebCA-expressing neurons in mice electroporated with Rheb®” + tdTomato and treated
with vehicle or rapamycin. (D and E) Bar graphs of the soma size and total dendritic length
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of control neurons (grey) and Rheb® neurons in mice treated with vehicle (green) or
rapamycin (red). N>3 mice, 2 sections per mouse (each datapoint is the mean from >8
neurons per section for dendrite analysis and >12 neurons for cell size per section). One-way
ANOVA with Tukey post-test. ****: P<0.0001, **:P<0.01, *:<P0.05, ns: not significant.
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Figure 5: Rapamycin differentially reduces hypervascularization in focal and global M CDs.
(A and C) Images of Dextran-AF488-filled blood vessels in coronal sections containing

RhebCA neurons (A) or Tsc2™!! cells (C) in the somatosensory cortex of mice treated with
vehicle (left) or 0.5 mg/kg rapamycin (right). Mice with Rheb®” neurons had a focal MCD
and transgenic mice with 7sc2"! cells had a global MCD. Scale bars: 300 um (A) and 500
um (C). (B and D) Bar graphs of the different vessel parameters in both sets of mice with
focal (B) or global MCD (D). Values were normalized to their respective control shown in
Figure 1 and 2. (E) Images of Dextran-AF488-filled blood vessels in coronal sections
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containing 7sc2"®t or 7scMU! cells in the somatosensory cortex of mice treated with vehicle
(left) or 1 mg/kg rapamycin. Scale bar: 200 um. (F) Bar graphs of the different vessel
parameters in mice with global MCD. N=2 sections from 3-5 mice. Student’s t-test in B and
D or one-way ANOVA in F, ****: p<0.0001, **:P<0.01, *:P<0.05, and ns: not significant.
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