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Summary

Objective—Tuberous sclerosis complex (TSC) is a genetic disorder, characterized by tumor
formation in multiple organs and severe neurological manifestations, including epilepsy,
intellectual disability, and autism. Abnormalities of both neurons and astrocytes have been
implicated in contributing to the neurological phenotype of TSC, but the role of microglia in TSC
has not been investigated. The objectives of this study were to characterize microglial activation in
a mouse model of TSC, involving conditional inactivation of the 75cZ gene predominantly in glial
cells (7scICFAPCKO mice), and to test the hypothesis that microglial activation contributes to
epileptogenesis in this mouse model.

Methods—Microglial and astrocyte activation was examined in 7scZCFAPCKO mice by Ibal and
GFAP immunohistochemistry. Cytokine and chemokine expression was evaluated with QPCR.
Seizures were monitored by video-EEG. The effect of minocycline in inhibiting microglial and
astrocyte activation, cytokine expression, and seizures was tested.

Results—Microglial cell number and size were increased in cortex and hippocampus of 3—-4 wk
old 7scZCFAPCKO mice, which correlated with the onset of seizures. Minocycline treatment
prevented the increase in number and cell size of microglia in 4 week old 7scZSFAPCKO mice.
However, minocycline treatment had no effect on astrocyte proliferation and cytokine/chemokine
expression and the progression of seizures in 7scZ6FAPCKO mice.

Significance—Microglia cell number and size are abnormal in 7scZCFAPCKO mice, and
minocycline treatment inhibits this microglia activation, but does not suppress seizures. Microglia
may play a role in the neurological manifestations of TSC, but additional studies are needed in
other models and human studies to determine whether microglia are critical for epileptogenesis in
TSC.
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Introduction

Tuberous sclerosis complex (TSC) is an autosomal dominant genetic disorder, resulting from
a germline mutation in one of two genes, 7SCI or 75C2Y 2 TSC is primarily characterized
by tumor or hamartoma (tuber) formation in multiple organs including the brain, skin, eyes,
heart, kidneys, and lungs. Although tumors can lead to symptoms in various organs,
neurological manifestations, such as intractable epilepsy, intellectual disability, and autism,
are especially common and typically the most disabling problems of TSC and in many
instances are independent of tumor growth per se. Epilepsy occurs in ~80% of TSC patients,
with about two-thirds having medically-intractable seizures.3 Intellectual disability, autism,
and other neuropsychiatric symptoms are seen in about 50% of TSC patients. Treatments for
all neurological manifestations of TSC are purely symptomatic and often ineffective.

Since the discovery of the 75C genes, there has been considerable progress in defining the
molecular pathogenesis of this disorder, in particular the involvement of the mechanistic
target of rapamycin (mTOR) signaling pathway. 2 4 However, the cellular and
pathophysiological mechanisms causing the neurological symptoms of TSC remain poorly
understood. Abnormalities in neuron, astrocytes, and immature neuroglia progenitor cells
have been identified in tubers and non-tuber brain tissue from TSC patients and are
hypothesized to contribute to the neurological manifestations of TSC.® In addition, microglia
activation has been reported in cortical tuber specimens,®: 7 but little is known about the role
of microglia in the pathophysiology of TSC. We have recently found evidence that
inflammatory changes may contribute to epileptogenesis in a mouse model of TSC,
75cIGFAPCKO mice. Antiinflammatory treatments, which reduced cytokine and chemokine
production, caused a moderate inhibition of seizure progression in this mouse model.8 While
astrocytes may play a central role in mediating inflammatory mechanisms and
epileptogenesis in 7scZCFAPCKO mice, microglia may also be involved in reactive
inflammatory changes in the brain. Thus, in this study, we investigated the role of microglia
in the neurological phenotype of 7scZCFAPCKO mice.

Materials and Methods

Animals and drug treatment

Care and use of animals were conducted according to an animal protocol approved by the
Washington University Animal Studies Committee. 7sczfloX/floX_.GFAP-Cre knock-out
(TscICFAPCKO) mice with conditional inactivation of the 7scZ gene predominantly in glia
were generated as described previously.® 7scZfloX*-GFAP-Cre and 7scfoX/flox |jttermates
have previously been found to have no abnormal phenotype and were used as control
animals in these experiments. One to four-week-old 7scZCFAPCKO mice and control mice
were used for a developmental time course study of Ibal immunohistochemistry analysis.

Minocycline (Sigma, St. Louis, MO), was initially dissolved in DMSO, stored at 20 °C, and
diluted with saline, and administrated by intraperitoneal injection. Mice were randomized
into treatment (minocycline) or control (vehicle) groups, and results analyzed in a blinded
fashion. In some experiments, three-week-old 7scZCFAPCKO mice were treated with
minocycline (50 mg/kg/day) or vehicle (saline) for one week for western blot, quantitative
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PCR, and Ibal immunohistochemistry analysis (based on expected molecular effects of
minocycline on microglia); for four weeks for GFAP immunohistochemistry analysis (based
on time course of astrocyte proliferation in 7scZCFAPCKO micel®); and for up to 12 weeks
for video-EEG monitoring (until death). In other experiments, three-week-old
75cIGFAPCKO mice were treated with vehicle (saline) or minocycline at different dosages
(1, 10 and 50 mg/kg/day) for one week for Ibal immunohistochemistry analysis.

Quantitative RT-PCR

Real-time quantitative RT-PCR was used to assay inflammatory cytokine and chemokine
markers, CCL2, IL-1 p and CXCL10, as described previously.® Total RNA was prepared
from brains of four-week-old 7scZGFAPCKO or control mice. Following DNase | treatment
(Invitrogen, Grand Island, NY), cDNA was synthesized using iScript Reverse Transcription
Kit (BIO-RAD, Hercules, CA). The following conditions were used for reverse
transcription: 25 °C for 10 min, 48 °C for 30 min, and 95 °C for 5 min. Each 25 pl PCR
contained 2 pul cDNA, 12.5 pl of 2 x SYBR Green PCR Master Mix (Applied Biosystems,
Foster city, CA), and 12.5 pmol of each primer. Quantitative PCR was performed in 96-well
optical reaction plates on the AB1 7000 Real-Time PCR System (Applied Biosystems)
under the following conditions: 50 °C for 2 min, 95 °C for 10 min, and then 40 cycles at

95 °C for 15 s and 60 °C for 1 min. Emitted fluorescence for each reaction was measured at
the annealing/extension phase. All oligonucleotide primers used for quantitative PCR were
designed using Primer Express v2.0 (Applied Biosystems). Calculated copies were
normalized against copies of the housekeeping gene glyceraldehyde-3-phosphate
dehydrogenase (GAPDH). Forward and reverse primer sets are listed as following: GAPDH
forward: 5'-GGC AAA TTC AAC GGC ACA GT-3, reverse: 5-AGA TGG TGA TGG GCT
TCC C-3'; CCL2 forward: 5-TGG CTC AGC CAG ATG CAG T-3, reverse: 5-TTG GGA
TCATCT TGC TGG TG-3'; IL-1p forward: 5'-ACC TGC TGG TGT GTG ACG TT-3,
reverse: 5-TCG TTG CTT GGT TCT CCT TG-3'; CXCL10 forward: 5-TGG CTC AGC
CAG ATG CAG T-3', reverse: 5-TTG GGA TCA TCT TGC TGG TG-3.

Western blotting

Western blot analysis was used to measure protein levels of CXCL10 in the brains of
TscICFAPCKO and control mice, using standard methods as described previously.10 Briefly,
brains were dissected and homogenized separately. Equal amounts of total protein extract
were separated by gel electrophoresis and transferred to nitrocellulose membranes. f-actin
was used as a loading control. After incubating with primary antibodies to CXCL10
(1:1,000; Abcam, Cambridge, MA), or B-actin (1:2,000; Cell Signaling Technology), the
membranes were reacted with a peroxidase-conjugated secondary antibody (1:1,000, Cell
Signaling Technology). Signals were detected by enzyme chemiluminescence (GE
Healthcare Life Science, Little Chalfont Buckinghamshire, UK) and quantitatively analyzed
with ImageJ software (NIH, Bethesda, MD).

Immunohistochemistry

Histological analysis was performed in a blinded fashion to assess glial proliferation and
neuronal organization by standard methods, as previously described.10 In brief, brains were
perfusion-fixed with 4% paraformaldehyde and cut into 45 pm sections with a cryotome.
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Sections were labeled with GFAP antibody (anti-GFAP, rabbit; 1:1,000; Cell Signaling
Technology, Beverly, MA), and then Alexa-488 conjugated goat anti-rabbit 1gG (1:1,000;
Jackson Immuno, West Grove, PA). In other experiments, immunohistochemistry was
performed for Ibal to assess microglial cells, by labeling with primary antibody (anti-1bal,
rabbit, 1:200; Wako), followed by labeling with secondary antibody Alexa-488 conjugated
goat anti-rabbit 1gG (1:500; Life Technologies, Grand Island, NY). In addition, sections
were counterstained with TO-PRO-3 lodide (1:1,000; Life Technologies) for the nonspecific
nuclear staining of all cells.

For blinded analysis, images were acquired with a Zeiss LSM PASCAL confocal
microscope (Zeiss Thornwood, NY). In images from coronal sections at approximately 2
mm posterior to bregma and approximately 1 mm from midline, regions of interest were
marked in neocortex by a 200 um-wide box spanning from the neocortical surface to the
bottom of layer VI and in hippocampus by areas up to 0.04 mm? within the striatum
radiatum of CA1 and dentate gyrus. GFAP-immunoreactive cells were quantified in the
regions of interest from two sections per mouse from a total of five mice per group. Ibal
positive cells and TO-PRO-3 lodide stained cell numbers were counted in the sections of
each groups, and Ibal positive cell numbers were normalized to TO-PRO-3 lodide stained
cell number, and were presented as Ibal positive cells/100 TO-PRO-3 positive cells!!. The
size of Ibal positive cells in each group was measured by outlining the cell body and
calculating area using ImageJ software (NIH, Bethesda, MD).

Video-electroencephalography monitoring

Vehicle- and minocycline-treated 7scZGFAPCKO mice underwent video-EEG monitoring
starting at 3 weeks of age (48 hrs at 3 weeks, and then continuous 24/7 starting at 4 weeks),
using established methods for implanting epidural electrodes and performing continuous
video-EEG recordings, as described previously.1%: 12 Briefly, mice were anesthetized with
isoflurane and placed in a stereotaxic frame. Epidural screw electrodes were surgically
implanted and secured using dental cement for long term EEG recordings. Four electrodes
were placed on the skull: one right and one left central electrodes (1 mm lateral to midline, 2
mm posterior to bregma), one frontal electrode (0.5 mm anterior and 0.5 mm to the right or
left of bregma) and one occipital electrode (0.5 mm posterior and 0.5 mm to the right or left
lambda). The typical recording montage involved two EEG channels with the right and left
central “active” electrodes being compared to either the frontal or occipital “reference”
electrode. Video and EEG data were acquired simultaneously with an AD Instruments
PowerLab video-EEG system. Continuous 24/7 video-EEG data were obtained every week
from each mouse, for the life of the animal, and were analyzed for seizures by a blinded
reviewer. Electrographic seizures were identified by their characteristic pattern of discrete
periods of rhythmic spike discharges that evolved in frequency and amplitude lasting at least
10 s, typically ending with repetitive burst discharges and voltage suppression. On video
analysis, the behavioral correlate to these seizures typically involved head bobbing, rearing
with forelimb clonus, and occasional generalized convulsive activity. Seizure frequency
(number of seizures per week period, based on analysis of the entire EEG record) was
calculated from each week epoch.
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All statistical analysis was performed using GraphPad Prism (GraphPad Software).
Quantitative differences between groups were analyzed by Student's #test or one-way
ANOVA with Tukey's multiple comparisons post hoc tests when comparing one factor over
more than two groups (or two-way ANOVA over time). Chi-Square test was used for
survival analysis. Quantitative data are expressed as mean + SEM. Statistical significance
was defined as p < 0.05.

Microglial activation occurs in Tsc16FAPCKO mice

Microglial activation was assessed by Ibal immunohistochemistry. Four week-old and seven
week-old 7sc2CFAPCKO mice had significantly increased Ibal-positive cells in
hippocampus and neocortex compared with control mice (Fig. 1A, Fig. 3E,F). A
developmental time course revealed that increased microglial numbers was first detectable
around 3-4 weeks of age (Fig. 1B,C), which correlates with the earliest age of onset of
seizures in 7scISFAPCKO mice.12 13 Microglia in four week-old 7scZCFAPCKO mice also
exhibited increased cell size (Fig. 2), indicating the presence of activated, as opposed to
resting, microglia.

Minocycline reduces microglial activation, but not astrocyte proliferation and cytokine/
chemokine production, in Tsc16FAPCKO mice

Minocycline is a pharmacological inhibitor of microglia activation.1* Minocycline treatment
(50 mg/kg/day;, i.p., starting at 3 weeks of age) prevented the increase in both microglial cell
size (Fig. 2) and cell number (Fig. 3A,B) in 4 week old 7scZCFAPCKO mice, indicating that
minocycline inhibited microglial activation in these mice. Minocycline showed a dose-
dependent inhibition of microglia cell number in 7scZGFAPCKO mice, with 50 mg/kg/day
i.p. showing maximal effect in restoring control levels of Ibal-positive cells in
75cIGFAPCKO mice (Fig. 3C,D). However, the effect of minocycline on the elevated
microglia in 7scZCFAPCKO mice was diminished by 7 weeks of age (Fig. 3E,F). Higher
doses of minocycline (100 mg/kg) caused premature death, likely associated with liver
toxicity (data not shown).

75cICFAPCKO mice also exhibit progressive astrocyte proliferation as seen by a dramatic
increase in GFAP-positive cells.? Despite inhibiting microglial activation, minocycline had
no effect on astrocyte proliferation in 7scZCFAPCKO mice as assayed by GFAP
immunohistochemistry (Fig. 4), indicating that minocycline is selective for microglia. In
addition, consistent with previous studies,® 10 7scZSFAPCKO mice had widely dispersed
pyramidal cell layers compared with control mice, but minocycline treatment had no effect
(CA pyramidal layer width: 68.1 + 3.2 ym in control mice; 113.6 + 3.2 pm in vehicle-treated
75cIGFAPCKO mice; 108.1 + 3.9 pm in minocycline-treated 75cZCFAPCKO mice; p<0.001
by ANOVA). Inflammatory markers, such as elevated cytokine and chemokine expression,
are seen in Tsc1GFAPCKO mice, which may be primarily localized to astrocytes,8 but are
often also expressed by microglia. Minocycline had no effect on chemokine and cytokine
expression in 7scICFAPCKO mice as assessed by quantitative PCR or western blot (Fig. 5).
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Minocycline has no effect on progression of seizures or survival in Tsc16FAPCKO mice

75cICFAPCKO mice exhibit progressive epilepsy, with onset of seizures around 3-4 weeks
of age followed by a progressive increase in seizures, leading to premature death typically
by 3 months of age.1%" 12 Despite inhibiting microglial activation at early stages,
minocycline (50 mg/kg) had no effect in preventing epilepsy, as all 7scZCFAPCKO mice in
both the minocycline-treated and vehicle-treated groups developed seizures (13 of 13 mice
in both groups). Although there was a trend towards decreased seizure frequency in the
minocycline group at 8-9 weeks of age, 50 mg/kg minocycline had no significant effect on
seizure frequency or survival of 7scZSFAPCKO mice (Fig. 6), suggesting that inhibition of
early microglial activation does not prevent progressive epileptogenesis in 7scZCFAPCKO
mice. By comparison, vehicle or minocycline-treated (50 mg/kg) control mice had normal
survival and no seizures, except very rare post-op seizures.

Discussion

The present study demonstrates for the first time evidence of microglial activation in a
mouse model of TSC. 7scZCFAPCKO mice, which involve conditional inactivation of the
7sc1 gene primarily in astrocytes, exhibit increased number and size of Ibal positive cells,
which are reversed by minocycline, consistent with microglial activation. While minocycline
could inhibit microglial activation during early epileptogenesis, it had no significant effect
on the development or progression of epilepsy in 7scZGFAPCKO mice, suggesting that
microglia are not necessary for epileptogenesis in 7scZGFAPCKO mice. Further studies are
required to demonstrate the pathophysiological role of microglia in other animal models and
in human TSC.

Microglia serve as the resident macrophages of the brain that mediate innate immunity and
inflammatory reactions in the brain, such as in response to central nervous infection and
other brain injuries.1% 16 Furthermore, microglia are also involved in more basic aspects of
brain development and function, including synaptogenesis and synaptic pruning.1’ However,
in some disease states, microglia may create pathological conditions that promote
neurological dysfunction, including seizures. Microglial activation commonly occurs in
patients and animal models of temporal lobe epilepsy.18: 19 Pharmacological inhibition of
microglia with minocycline decreases epileptogenesis in models of temporal lobe
epilepsy.20: 21 |n TSC patients, abnormalities in microglia have been reported in cortical
tuber specimens,5 7 but there is minimal information on the potential role and mechanisms
of microglia in epileptogenesis in TSC. The present study indicates that microglia are
abnormally activated in 7scZCFAPCKO mice, as indicated by increases in both cell size and
number. However, while minocycline was effective in inhibiting microglial activation during
early epileptogenesis, it had no significant effect on progression of epilepsy, suggesting that
microglial activation is not necessary for epileptogenesis in 7scZCFAPCKO mice.

Although we originally hypothesized that microglia might contribute, at least secondarily, to
epileptogenesis in 7scZCFAPCKO mice, it is not that surprising that inhibition of microglial
activation by minocycline had no apparent effect on epilepsy in these mice. 7scICFAPCKO
mice involve targeted inactivation of the 7scZ gene predominantly in astrocytes, with some
additional involvement of neurons due to GFAP expression in embryonic neuroprogenitor
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cells.22 However, as GFAP is not expressed in microglia,23 GFAP-mediated 7scl
inactivation should not directly target microglial cells. Therefore, the microglial activation
observed in 7scZCFAPCKO mice almost certainly represents a secondary process due to
primary astrocyte or neuronal abnormalities or possibly due to seizures themselves. The
earliest increase in microglia observed at 3 weeks coincides with the development of
astrocyte proliferation and onset of epilepsy, so it is difficult to distinguish cause and effect
based on the temporal relationship of these events alone. However, a number of
abnormalities have been identified in astrocytes in 7scZCFAPCKO mice that likely contribute
to epileptogenesis, including inflammatory cytokine and chemokine expression.8 24-27
Minocycline had no effect on cytokine and chemokine expression, suggesting that microglia
may not contribute to this inflammatory response in 7scZCFAPCKO mice. On the other hand,
it’s possible that minocycline could inhibit microglia activation, at least as assayed by
change in morphology or number, without affecting cytokine or chemokine secretion.
Furthermore, the effect of minocycline on microglial activation diminished by 7 weeks of
age when the mice were having frequent seizures, suggesting that seizures themselves might
exacerbate microglial activation at later times and make them more resistant to minocycline.
In contrast, mTOR inhibition with rapamycin can reverse or prevent astrocytic abnormalities
and correspondingly prevent epilepsy,10 again suggesting that astrocytic mechanisms may be
more central to epileptogenesis than microglia in 7scZCFAPCKO mice.

Future studies utilizing other modulations of microglia and other TSC animal models or
human TSC specimens may be required to more thoroughly investigate a potential role of
microglia in the pathogenesis of epilepsy and other neurological manifestations in TSC.
Human pathological studies have documented both astrocyte and microglia abnormalities in
tubers,5: 7: 28 but proving a primary role in the pathogenesis of neurological manifestations
of TSC is difficult with human tissue specimens. Microglial abnormalities have not been
reported in other TSC animal models involving 7sc gene inactivation specifically in neurons
or neuroglial progenitor cells.2%-31 The most direct approach to test for a primary role of
microglia would be to create a conditional knockout mice targeting 7scZ or 7s¢2
inactivation specifically to microglia cells32 33, which is currently under development in our
lab and shows promising preliminary results. Future studies with microglia-specific TSC
knockout mice may establish a more primary contribution of microglia to epileptogenesis or
other neurological phenotypes in TSC.
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Key Points

Microglial activation correlates with seizure onset in 7scZCFAPCKO
mice, a mouse model of tuberous sclerosis complex (TSC).

Minocycline inhibits microglial activation, but not astrocyte
proliferation or inflammatory chemokine production, in 7scZ6FAPCKO
mice.

Minocycline has no effect in slowing the progression of epilepsy in
7scICFAPCKO mice.
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Figure 1.
75cIGFAPCKO mice exhibit increased microglial cell number. (A) Microglial activation was

assessed by Ibal (green) immunohistochemistry. Four week-old 7scZCFAPCKO mice had
significantly increased Ibal-positive cells in neocortex and hippocampus, compared with
control mice. ** p<0.01, versus control mice by student’s t-test (n = 6-8 mice/group). (B,C)
Developmental time course suggests that the increase in Ibal-positive cells in cortex and
hippocampus of 7scZCFAPCKO mice starts around 3-4 weeks of age, although the
difference with control is not quite statistically significant at 3 weeks (p=0.07, versus control
mice by two-way ANOVA. Cont = control mice, KO = 7s¢ZCFAPCKO mice. Scale bar = 100
pm.
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Figure 2.

75cICFAPCKO mice exhibit increased microglial cell size, which is reversed by
minocycline. (A) Microglial cell size was assessed by Ibal (green) immunohistochemistry.
(B,C) Four week-old 75cZGFAPCKO mice had significantly increased size of Ibal-positive
cells in hippocampus and neocortex compared with control mice. Minocycline treatment (50
mg/kg/day, i.p. for one week starting at 3 weeks of age) resulted in control size of Ibal-
positive cells in 7scZCFAPCKO mice. * p<0.05, ** p<0.01, versus vehicle-treated control
mice; # p<0.05, ## p<0.01, versus vehicle-treated 75cZCFAPCKO mice by one-way ANOVA
(n = 4-5 mice/group). Cont = control mice, KO = 7scICFAPCKO mice, Veh = vehicle, Mino
= Minocycline. Scale bar = 50 um.
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Figure 3.
Minocycline inhibits increased microglial number in 7scZGFAPCKO mice during early but

not late epileptogenesis. (A,B) Microglial cell number was assessed by Ibal (green)
immunohistochemistry, and the effect of minocycline was tested. Four week-old
75cIGFAPCKO mice had significantly increased numbers of Ibal-positive cells in
hippocampus and neocortex compared with control mice. Minocycline treatment (50 mg/kg/
day, i.p. for one week starting at 3 weeks of age) resulted in control number of Ibal-positive
cells in 7scISFAPCKO mice. (C,D) Minocycline caused a dose-dependent inhibition of the
increased microglial cell number in 7scZCFAPCKO mice. (E,F) Seven week-old
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75cICFAPCKO mice had significantly increased numbers of Ibal-positive cells in
hippocampus and neocortex compared with control mice. However, minocycline treatment
(50 mg/kg/day, i.p. for four weeks starting at 3 weeks of age) was no longer effective in
reducing the elevated Ibal-positive cells in seven-week old 7scZGFAPCKO mice. *p<0.05,
** p<0.01, *** p<0.001, versus vehicle-treated control mice; # p<0.05, ## p<0.01, versus
vehicle-treated 7scZCFAPCKO mice by one-way ANOVA (n = 4-8 mice/group). Cont =
control mice, KO = 7scICFAPCKO mice, Veh = vehicle, Mino = Minocycline. Scale bar =
100 pm.
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Figure 4.

Minocycline has no effect on astrocyte proliferation in 7scZCFAPCKO mice. Vehicle-treated
75cIGFAPCKO mice (KO + Veh) displayed a diffuse increase in GFAP-positive cells (green)
in neocortex and hippocampus, compared with vehicle-treated control mice (Cont + Veh).
Minocycline treatment (50 mg/kg/day, i.p. for four weeks starting at 3 weeks of age) had no
effect in preventing this increase in GFAP-positive cells in 7scZCFAPCKO mice (KO +
Mino). *p<0.05, **p<0.01, *** p<0.001 versus vehicle-treated control mice by one-way
ANOVA (n = 5 mice per group). Cont = control mice, KO = 7scICFAPCKO mice, Veh =
vehicle, Mino = Minocycline, DG = dentate gyrus, CA1 = CAL pyramidal cell layer of
hippocampus.
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Figure 5.
Minocycline has no effect on the elevated inflammatory markers in 7scZCFAPCKO mice. (A)

MRNA expression of cytokines and chemokines was evaluated by quantitative RT-PCR in
the brains of 75cZGFAPCKO and control mice. The mRNA levels of CCL2, IL-1beta, and
CXCL10 were increased in four-week old 7scZFAPCKO mice compared with control mice.
Minocycline treatment (50 mg/kg/day, i.p. for one week starting at 3 weeks of age) had no
effect on the elevated cytokine and chemokine levels of 7scZCFAPCKO mice (n = 9-11
mice/group). (B) Protein expression of CXCL10 was assessed by western blotting in the
brains of 7scISFAPCKO mice, and the effect of minocycline was tested. Vehicle-treated
75cIGFAPCKO mice have significantly increased CXCL10 levels compared with control
mice. Minocycline treatment (50 mg/kg/day, i.p. for one week starting at 3 weeks of age)
had no significant effect on CXCL10 levels in 7scZCFAPCKO mice (7 mice/group). The ratio
of CXCL10/beta-actin was normalized to the vehicle-treated control group. * p<0.05, ***
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p<0.001, versus vehicle-treated control mice by one-way ANOVA. Cont = control mice, KO
= TscICFAPCKO mice, Veh = vehicle, Mino = Minocycline.
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Figure 6.
Minocycline has no effect on the development of seizures and survival in 7scZCFAPCKO

mice. (A) Seizures start to develop in vehicle-treated 7scZCFAPCKO mice (KO + Veh)
around 3 weeks and become progressively more frequent with age. Minocycline treatment
(50 mg/kg/d i.p. starting at 3 weeks of age (KO + Mino) had no significant effect on seizure
frequency in 7scZCFAPCKO mice compared with vehicle-treated 75cZCFAPCKO mice (n =
13 mice per group). Vehicle- and minocycline-treated control mice essentially had no
seizures, except very rare postoperative seizures in the first week after surgery. (B) Survival
analysis showed that vehicle-treated 7scZCFAPCKO mice die prematurely with 50%
mortality around 7 weeks of age and 100% mortality by 13 weeks. Minocycline treatment
(50 mg/kg/day, i.p. starting at 3 weeks of age) had no significant effect on the survival of
TscICFAPCKO mice compared to vehicle treated 7scZCFAPCKO mice (n = 13 mice per
group). Vehicle- and minocycline-treated control mice had normal survival. KO =
75cIGFAPCKO mice, Veh = vehicle, Mino = minocycline.
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