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Supplementary Methods

Behavioral experiments

Behavioral experiments in healthy mice were performed in 13-18 weeks old female mice.
Mice were habituated to their new environment for at least 5 days and tests were conducted
during the light phase of their activity cycle. Behavioral experiments in TBI mice were
initiated on day 16 post-TBI and were conducted during the dark phase of their activity cycle.
The general health and weight of the mice were routinely recorded during the testing. Tests
were performed and analyzed by an observer blind to the experimental group. If tracking
error(s) occurred, mice were excluded. Behavioral experiments were recorded using infrared

cameras. Sham operated littermates were used as controls.

Open-field: Open-field exploration was tested in a 40 cm X 40 cm % 30 cm (wx1xh) square
arena illuminated by indirect light. Animals were dark adapted for 30 min and tested in the
arena for 10 min. Movements of the mice in the arena were video-tracked for 10 minutes with

Ethovision 7 software (Noldus).

Nest building: For the nest building test, mice were single-housed with 1.5 g of cocoon
nesting pellets and left undisturbed for 24 hours. Nest building was scored on a 5-points
scale. A score of 1 is given when the pellet is largely untouched and score of 5 when > 90%

of the pellet is torn up, the nest is a crater, with walls on more than 50% of its circumference
1

Sociability: Sociability was evaluated using the three-chamber test >3, The set-up consisted
of a rectangular transparent plexiglass box divided into three compartments, which were
separated by two partitions. The central chamber (42 x 26 cm) was connected to a left and
right chamber (26 x 26 cm) connected by guillotine doors (6 x 8 cm). The test consisted of
two consecutive stages: acclimation stage and sociability stage. After habituation to the
central compartment (5 min), wire cages (11 x 10 cm) were placed in the external chambers,
which either contained a ‘stranger’ mouse (same sex, ‘stranger 1’) or were left empty:
approach behavior to either of the wire cages was recorded for 5 min (sociability). Animal
behavior was recorded using a webcam and ANY-maze™ Video Tracking System software

(Stoelting Europe).



Forced swim test: Mice were individually placed into a glass cylinder (20 x 14 c¢cm) filled
with water (16 cm depth, 25 + 1°C). Individual mice were placed gently in the water and left
for 6 min: the degree of immobility (passive floating, no active swimming or escape
behavior) was scored for the final 4 min using ANY-maze™ Video Tracking System

software (Stoelting Europe).

Light/dark test: The apparatus used for the light/dark test consisted of a cage (40 x 40 x 30
cm) divided into two compartments of equal size by a partition with a door. One
compartment was brightly illuminated, while the other was dark. Mice were placed in the
dark compartment and allowed to move freely between the two chambers for 10 min. Mouse

activity in the light compartment was tracked with Ethovision 7 equipment and software

(Noldus).

Rotarod test: Motor coordination and equilibrium were tested with a rotarod setup (MED
Associates Inc.). Mice were first trained at constant speed (4 rpm for 2 min) and then tested
on four trials (inter-trial interval, 10 min). During the test trials, the animals had to balance on
a rotating rod that accelerated from 4 rpm to 40 rpm over a period of 300 seconds. The

latency to fall off the rod was recorded (up to a 5 min cut-off point).

Contextual discrimination fear conditioning: Two identical conditioning boxes (25 x 25 x 25
cm) with stainless steel grid floors to deliver shocks were located in sound-attenuating dark
cubicles. Animal movement was monitored by motion-sensitive platforms connected to an
interfaced computer using Panlab Freezing v1.2.0 software. The degree of motion measured
ranged from 0 to 100 (arbitrary units). Freezing, defined as the absence of movement except
for breathing, was recorded when activity remained below a validated threshold of 2.5
arbitrary units for at least 1 second. Contextual fear conditioning was measured in three
different contexts. Two contexts (A and C) were very similar in tactile (grid floor), olfactory
(odor) and visual (dark) dimensions, but C had in addition an inserted ‘A-frame’ roof
(adapted from ). In contrast, context B was different in all dimensions. On days 1 - 3, mice
were placed in context A, and after 3 minutes a single mild foot shock (2 s, 0.5 mA) was
applied to induce contextual fear conditioning. After another minute, the animals were placed
back in their home cage. On days 4 and 5, fear memory to A, B, or C was measured by

placing the animal for 4 minutes in each of the contexts and measuring the amount of



freezing. The amount of freezing in C compared to A indicated the amount of contextual

generalization.

Morris water maze (MWM): Spatial learning and cognitive flexibility were tested in the
hidden platform MWM. For the healthy mouse experiments, a circular pool (150 cm
diameter) was filled with opaquified (0.01% Acusol OP301, Dow Chemicals) water (26 +
1°C). The platform (15 cm diameter) was hidden 1 cm underneath the surface of the water.
For spatial learning, the mice were trained for 10 days to a fixed platform position > 6. To
evaluate reference memory, probe trials (100 seconds) were conducted on days 6 and 11
during acquisition learning. During probe trials, floater mice were excluded. For cognitive
assessment in TBI mice, a modified MWM was performed on days 19-26 post-TBI or sham
surgery 7. On day 19 mice were habituated to the water maze over 2 sessions lasting 1 minute
each. Starting on day 20, the escape platform was positioned in the target quadrant and spatial
cues were placed on the wall surrounding the maze. All animals underwent 2 sessions per
day, with a 30 minute interval, for 5 consecutive days to assess spatial acquisition. During
each session, mice were placed in randomized starting quadrants facing the maze wall. Trials
lasted a maximum of 60 seconds, after which mice were placed on the escape platform if they
did not succeed themselves. On day 26, a probe trial was carried out to assess reference
memory. The escape platform was removed from the pool and mice were allowed to explore
the maze for 60 seconds. For assessments in both healthy and TBI mice, swim paths were

tracked with Ethovision 17 software (Noldus).

Novel object recognition: The novel object recognition (NOR) test ® was performed on mice
on day 17 post-TBI or sham surgery. The mice were habituated to the test environment on
day 15, followed by training on day 16 (free exploration of the environment containing two
identical objects for five minutes) and testing on day 17 (replacement of one familiar object
by a novel object with five minutes of exploration). The ratio of time spent exploring the
novel object over the familiar object was calculated and used as a proxy for learning and
memory. Activity was tracked and semi-automatically quantified using Ethovision 14

software (Noldus).



Functional imaging in acute brain slices

Recordings were done in (i) aCamKII''? mice and littermate controls (mixed gender, 2-3
months old, or (ii) female age-matched AAYV injected mice (2-3 months old). Preparation of
acute brain slices was adapted from a published protocol °. Briefly, animals were anesthetized
using intraperitoneal administration of nembutal (50 mg/kg). Transcardial perfusion was
performed using 20 ml of ice-cold N-methyl-D-glucamine-based artificial cerebrospinal fluid
dissection solution (NMDG-ACSF), containing (in mM): 93 NMDG, 2.5 KClI, 1.25
NaH>POy4, 30 NaHCO3, 10 MgS0Os, 0.5 CaCl,, 20 HEPES pH 7.4, 25 D-glucose, 5 L-ascorbic
acid, 2 thiourea, 3 sodium pyruvate, 10 N-acetyl-L-cysteine. The solution was adjusted to
305-310 mOsm/1, pH 7.4 (HCI) and bubbled in 95% O2/5% CO> gas for 20 min before use
and throughout the experiment. Following decapitation, the brain was swiftly removed.
Coronal slices containing the visual cortex (350 pum thick) were obtained using a VT1200s
vibratome (Leica Biosystems). Slices were further cut along the midline to separate the
cerebral hemispheres, and placed in a chamber containing NMDG-ACSF at 33°C. Slices
were maintained under these conditions for 25 min, with the controlled reintroduction of Na*
achieved by gradual addition of 2 M NaCl to the chamber. Slices were then transferred to a
storage chamber containing 20 °C holding ACSF (in mM): 92 NaCl, 2.5 KClI, 1.25 NaH2POs,
30 NaHCO3, 2 MgSQg4, 2 CaCl,, 15 D-Glucose, 20 HEPES pH 7.4, 5 L-ascorbic acid, 2
thiourea, 3 sodium pyruvate, 10 N-acetyl-L-cysteine (pH 7.4 HCI; 95% 02/5% CO, gas;
osmolarity 305-310 mOsm/1), until they were used for dye loading and recordings. For
recordings, we used recording ACSF (in mM): 1.24 NacCl, 2.5 KCl, 1.25 NaH>PO4, 26
NaHCOs3, 2 MgS0y4, 2 CaCls, 15 D-Glucose (pH 7.4 HCI; 95% 02/5% CO» gas; osmolarity
305-310 mOsm/1). For imaging, slices were transferred to a specialized recording chamber

and superfused with normal ACSF (including pharmacological reagents where appropriate) at

22°C.

To identify astrocytes, cells were labeled with sulforhodamine 101 (SR101). To avoid
potential issues associated with high levels of SR101 loading (such as induction of seizure
like activity !°), slices were incubated for 20 min in a six-well culture dish containing 1 pM
SR101 (Sigma-Aldrich) in holding ACSF at 33°C. Next, slices were loaded in a solution
containing Fluo4-AM. The dye was supplied as a 50 pg ampoule (Thermo Fisher) and was
solubilized using a mixture of 7 pl dimethyl sulfoxide (DMSO), 2 ul 20% Pluronic F-127
(Tocris Biosciences) in DMSO and 1 ul 0.5% Kolliphor EL (Sigma-Aldrich) in DMSO. The



ampoule was then incubated at 41°C with constant agitation (1400 RPM) for 15 min using a
thermomixer. Concentrated Fluo4-AM was then added to a well containing 3 ml of standard
ACSF, giving a final concentration of 15.2 uM of Fluo4-AM. Slices were loaded in this
solution for 45—-60 min at 35°C. At the end of this period, excess AM dye was removed by
washing in 20 °C holding ACSF for at least 1 hour prior to imaging.

All functional imaging recordings followed the same protocol. A field of view containing the
primary visual cortex was chosen. First, baseline activity was recorded for 60s. Next, (R)-(-)-
phenylephrine hydrochloride, 50 uM (PHE, Tocris Bioscience) was bath applied. Slices were
imaged over a total period of 300 s. Live imaging of cells in acute slices was performed using
a two-photon imaging system (VIVO 2-Photon platform, Intelligent Imaging Innovations
GmbH), equipped with a tunable multiphoton laser (MaiTai laser, Spectra-Physics). Imaging
was performed using a Zeiss Axio Examiner Z1, equipped with a W PlanApochromat
20%/NA1.0 objective. To excite both SR101 and Fluo4, the excitation wavelength was tuned
to 840 nm. Signals were detected using two fast-gated GaAsP PMTs (Hamamatsu
Photosensor Modules H11706), equipped with either a 525/40 nm or 612/69 nm emission
filter. The system was further equipped with a 580 nm edge BrightLine® single-edge
imaging-flat dichroic beamsplitter (Semrock FF580-FDi01-28x38). Images were 512 x 512
pixels in size and acquired at a frequency between 3 and 3.5 Hz. Acquisition was controlled
using Slidebook v.6 software (Intelligent Imaging Innovations GmbH). Laser power was
limited to a maximum of 30 mW at the specimen. The focal plane used was usually 30-100

um deep within the slice.

Images were initially processed using Fiji software with standard plugins to correct for image
drift and noise. First, a sum projection of all frames was used to generate one image of the
SR101 channel, which was then used to draw a region of interest (ROI) surrounding astrocyte
cell bodies. The average fluorescence for each ROI per frame of the Fluo4 channel was then
measured and exported to MATLAB (The Mathworks). Next, we used custom-written scripts
to evaluate the relative variations in intracellular Ca?*, estimated as changes in Fluo4 signal
relative to the baseline (AF/F0). The baseline (FO) was defined for each ROI to be the average
fluorescence before phenylephrine was added to the recording chamber. We calculated the
peak amplitude of the response to PHE, as well as the total area under the curve (AUC) of the
AF/FO0 trace using custom MATLAB scripts.



Multi-electrode array electrophysiology

LTP recordings were done in littermate aCamKII''? and control mice (mixed sex, 2-3
months old), or age-matched female AAV-injected mice (2-3 months old). For tissue
preparation, mice were anesthetized with isoflurane and decapitated. Brains were rapidly
removed and 300 um thick parasagittal brain slices prepared using a Leica VT1200
vibratome. Slicing was performed in a sucrose-based cutting solution (ACSF) containing (in
mM): 87 NaCl, 2.5 KCI, 1.25 NaH;POs, 10 glucose, 25 NaHCOs3, 0.5 CaClz, 7 MgCl,, 75
sucrose, 1 kynurenic acid, 5 ascorbic acid, 3 pyruvic acid (pH 7.4 (HCI) ; 95% 02/5% CO:
gas). Slices were allowed to recover at 34°C for 35 min, and then maintained at 20 °C in the
same solution for at least 30 min before using. For recordings, slices were placed onto a
multielectrode array (MEA 2100, Multi Channel Systems) and continuously perfused with
artificial cerebrospinal fluid (aCSF) solution containing (in mM): 119 NacCl, 2.5 KCI, 1
NaH>POy4, 11 glucose, 26 NaHCO3, 4 MgCl, and 4 CaCl, (pH 7.4 (HCI) ; 95% 02/5% CO>
gas; 34°C). Field excitatory post-synaptic potentials (fEPSPs) were recorded from Schaffer
collateral-CA1 synapses by stimulating and recording from the appropriate (visually
identified) electrodes. Input-output curves were recorded for each slice by applying single-
stimuli ranging from 500 to 2750 mV with 250 mV increments. A stimulus strength that
corresponds to 35% of the maximal response in the input-output curve was used for
recordings. For long-term potentiation (LTP) experiments, stable fEPSPs were recorded for
30 minutes to establish a baseline. Next, we applied three high frequency trains (100 stimuli;
100 Hz) with 5 minutes intervals. Subsequently, post-LTP fEPSPs were measured every 5
minutes (average of three consecutive stimuli at 15 seconds intervals) for 55 minutes.
Recordings were processed and analyzed using Multi Channel Experimenter software (Multi

Channel Systems).
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Supplementary Resources available as: Liston, Adrian (2021), “Expansion of Treg cells
and prevention of pathological neuroinflammation following local delivery of IL-2”,
Mendeley Data, V1, doi: 10.17632/24tw36gbcd.1 at
https://data.mendeley.com/datasets/24tw36gbcd/1

Supplementary Resource 1. High resolution Treg localization in coronal sections of
wildtype and oCamKII''2 mice. Healthy perfused mouse brains from wildtype and
aCamKII'"™? mice were compared by immunofluorescent confocal imaging. CD4 (green),
Foxp3 (red), laminin a4 (vascular basement membrane, white) and DAPI (blue). Left,
wildtype mouse. Right, aCamKII'>> mouse. High resolution allows zooming and panning for

localization of Treg cells across the entire coronal section.

Supplementary Resource 2. Code for single-cell RNA-seq analysis for wildtype vs
aCamKII'-> mice. Code is provided in .pdf and .Rmd formats.

Supplementary Resource 3. Code for single-cell RNA-seq analysis for PHP.GFAP-GFP-
vs PHP.GFAP-IL-2-treated mice. Code is provided in .pdf and .Rmd formats.



Supplementary Video 1. CD4 T cells in wildtype brain. 3D surface rendering of a wildtype
perfused brain, stained for CD4 (green), Foxp3 (red), CD31 (white) and DAPI (blue).

Representative video of a conventional CD4 T cell and a Treg, in the mid-brain region.

Supplementary Video 2. Brain Treg cells in aCamKII'*2 brain. 3D surface rendering of
an aCamKII'"2 perfused brain, stained for CD4 (green), Foxp3 (red), CD31 (white) and
DAPI (blue). Representative video of a CD4 T cell cluster, consisting of two conventional

CD4 T cell and four Treg cells, in the mid-brain region.

Supplementary Video 3. CD4 T cells in control brain. 3D surface rendering of a
PHP.GFAP-GFP-treated perfused brain, stained for CD4 (green), Foxp3 (red), CD31 (white)
and DAPI (blue). Representative video of a conventional CD4 T cell and a Treg, within the

mid-brain.

Supplementary Video 4. Brain Treg cells in PHP.GFAP-IL-2-treated brain. 3D surface
rendering of a PHP.GFAP-IL-2-treated perfused brain, stained for CD4 (green), Foxp3 (red),
CD31 (white) and DAPI (blue). Representative video of a CD4 T cell cluster consisting of

three Treg cells, in the mid-brain region.



Supplementary Figure 1: Confocal identification of brain Treg cells in oCamKII''-2
mice. Healthy perfused mouse brains from wildtype and aCamKII'>? mice were compared by
immunofluorescent confocal imaging. CD4 (green), Foxp3 (red), CD31 (vasculature, white)
and DAPI (blue). Single and combined channel representative images of CD4 T cells in the
mid-brain, with close-up imaging of identified CD4 T cells. A representative picture of three

individual mouse samples is shown (n=3). Scale bar, 10 um.
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Supplementary Figure 2: Brain Treg localization in sagittal sections of aCamKII'-2
mice. Healthy perfused mouse brains from a wildtype and b aCamKII'>2 mice were
compared by immunofluorescent confocal imaging. CD4 (green), Foxp3 (red), CD31
(vasculature, white) and DAPI (blue). Sagittal sections (top) were used to select large brain
regions (main image). Arrowheads represent CD4 Tconv cells (blue) and Treg cells (red).
Letters indicate selected cells shown in insets. A representative picture of three individual

mouse samples is shown (n=3). Scale bar main image, 100 um. Scale bar insets, 10 um.
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Supplementary Figure 3: Brain Treg localization in coronal sections of aCamKII'2
mice. Healthy perfused mouse brains from a wildtype and b aCamKII'>2 mice were
compared by immunofluorescent confocal imaging. CD4 (green), Foxp3 (red), laminin o4
(vascular basement membrane, white) and DAPI (blue). Entire coronal sections (left) were
imaged, with the high resolution (single cell level) images available in Supplementary
Resource 1. Five representative large regions were selected (middle), with identified CD4
Treg cells in these regions annotated by meningeal/perivascular (orange arrow) versus
parenchymal (white arrow) localization. Insets (right) visualize identified cells. A
representative picture is shown (n =3, 1). Scale bar coronal section, 100 pm. Scale bar

regional image, 100 um. Scale bar insets, 10 pm.
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Supplementary Figure 4: Treg cells in brain regions in aCamKII'"'? mice. Healthy
perfused brain from wildtype and aCamKII'"*> mice was dissected into major regions for flow
cytometric analysis of Treg cells (n = 5,3). a, Frequency of Treg cells within the CD4

population, and b, absolute numbers of Treg cells. Data are displayed as mean + s.e.m.
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Supplementary Figure 5: Synthetic expansion of brain regulatory T cells preserves the
subset distribution. Brain CD11b" cells, brain CD45*CD4" cells and blood CD45*CD4*
positive cells were sorted from wildtype or aCamKII'"™? mice for 10X single-cell sequencing
(n=2). Data processing and filtering identified 28,590 cells, of which 20,021 were classified
as microglia, 6332 were classified as T cells and 2237 were classified as non-target
leukocytes. a, tSNE projection of the full dataset, with b quantification of clusters based on ¢
the expression of key lineage markers, visualized as colored single cells on tSNE plots. d,
clusters containing CD4" conventional and regulatory T cells were projected on a tSNE and

"2 mice. f,

reclustered, or e displayed based on origin from wildtype or aCamKI
Quantification of clusters as a fraction of cells from each origin, with cluster annotation based

on g key lineage markers.
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Supplementary Figure 6: Synthetic expansion of brain regulatory T cells preserves the
transcriptional profile. Brain CD11b" cells, brain CD45°CD4" cells and blood CD45"CD4"*
positive cells were sorted from wildtype or aCamKII'"™? mice for 10X single-cell sequencing
(n=2). Data processing, filtering and reclustering (as in Supplementary Fig. 5) identified 6332
cells classified as T cells. a, Differential gene expression displayed for brain Treg cells from
wildtype vs aCamKII'"™2 mice, b blood Treg cells from wildtype vs aCamKII'"*? mice, ¢

IIL-2

brain conventional T cells from wildtype vs aCamKII*-* mice, d blood conventional T cells

from wildtype vs aCamKIT'L2

mice, or e blood vs brain Treg cells. Vertical lines mark fold
changes 0.4 and -0.4 and horizontal lines mark the adjusted P value of 0.05. Selected
significant changes are annotated. Statistical analyses were performed using Wilcoxon rank
sum test to perform differential expression analysis. The P value adjusted is based on

Bonferroni correction using all features in the dataset.
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Supplementary Figure 7: Intact microglial transcriptional signature in aCamKII'--2
mice. a, tSNE projection of 20,021 microglial cells from wildtype or aCamKII'"™? mice.
Following alignment, each cell was grouped into clusters denoted by number and color b,
tSNE projection of microglial cells labelled as originating from control or aCamKII'™2 mice,
with ¢ the proportion of cells from control or aCamKIT'"? mice belonging to the identified
populations. d, Volcano plots showing differentially expressed genes in wildtype vs
aCamKII'™? microglial cells as annotated in panel A. Vertical lines mark fold changes 0.4
and -0.4 and horizontal line mark the adjusted P value of 0.05, genes above these thresholds
are annotated. e, Visualization of expression of key lineage markers (colored single cells) on
tSNE plots. f, Microglia from perfused brains of aCamKII''? transgenic mice and littermate
controls were assessed by high parameter flow cytometry. tSNE of microglia, gated on
CD11b" CX3CR1" CD64" CD45™¢ Ly6G™ (n = 4/group). Microglia clusters, based on
FlowSOM expression analysis, were assessed for expression of CD64, MHCII, TGFp,
LAMP1, CD44, CD69, PDL1, ST2, Ki67, CD80 and IL1p using a heatmap and dendrogram.
g, Expression of key markers MHCII, PDL1 and CD80 visualized using tSNE projections. h,
Frequency of expression of MHCII, TNF, TGFf, LAMP1, PDLI, Ki67, CD80 and IL1p in
control and aCamKII'""? microglia (n = 6, 11). Mean + s.e.m. Statistical analyses were
performed using an unpaired two-tailed Student’s t-test with multiple test correction (h).
Statistical analyses were performed using Wilcoxon rank sum test to perform differential
expression analysis. The P value adjusted is based on Bonferroni correction using all features

in the dataset (d).
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Supplementary Figure 8: Progressive neurological damage following traumatic brain
injury. Controlled cortical impact was performed to induce moderate TBI, with examination
on days 1, 2, 3 and 7 post-TBI (n =3, 3, 1, 3). a, Macroscopic damage to the surface of the
brain at the injury site, representative photo. Scale bar, 0.5 cm. b, Representative
immunofluorescence staining of the cortical tissue after controlled cortical impact. GFAP
(astrocytes), Ibal (microglia), DAPI (nuclei). Scale bars, 500 um. ¢, Measure of total
integrated GFAP intensity in the cortical area adjacent to the impact site at 1, 2, 3 and 7 days

post-TBI. Mean + s.e.m.
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Supplementary Figure 9: Normal peripheral influx following traumatic brain injury in
aCamKII''2 mice. Control (wildtype) littermates and aCamKII''"2 mice were tamoxifen-
treated at 6 weeks, and controlled cortical impacts to induce moderate TBI were given at 12
weeks. Mice were examined at 15 days post-TBI (n=4,4). TBI-induced perfused brains from
littermate control and aCamKII'"™? mice were compared by high-dimensional flow cytometry.
a, Absolute number of CD4, Treg cells, CD8 and yo T cells. b, Expression of CD25, CD44,
CD69, Ki67 and PDL1 markers, or ¢, amphiregulin (Areg), IL10 and IL17 within the CD4
conventional T cell population. d, Expression of CD25, CD44, CD69, Ki67 and PDL1
markers, or e amphiregulin, IL10 and IL17 within the Treg population. Mean + s.e.m.

Statistical analyses were performed using a non-parametric Mann—Whitney U-test.
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Supplementary Figure 10: Confocal identification of brain Treg cells in PHP.GFAP-IL-
2-treated mice. Healthy perfused mouse brains from wildtype mice treated with PHP.GFAP-
GFP or PHP.GFAP-IL-2 were compared by immunofluorescent confocal imaging. CD4
(green), Foxp3 (red), CD31 (white) and DAPI (blue). Single and combined channel
representative images of CD4 T cells in the mid-brain, with close-up imaging of identified
CDA4 T cells. A representative picture of three individual mouse samples is shown. Scale bar,
10 pm.
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Supplementary Figure 11: Off-target effects of PHP.GFAP-IL-2 treatment are not
observed. a, Healthy perfused brain, spleen and blood from PHP.GFAP-GFP control and
PHP.GFAP-IL-2-treated mice were compared by high-dimensional flow cytometry (n = 3, 5).
tSNE plots of leukocytes built on lineage markers (CD4, CD8, NK1.1, CD44, CD62L, CD69,
CD25, Foxp3) with quantification of major populations. b, Absolute numbers of key
leukocyte populations. ¢, tSNEs of brain CD4 conventional T cells built on key markers
(CD62L, CD44, CD103, CD69, CD25, PD-1, Nrpl, ICOS, KLRG1, ST2, Ki67, CTLA4).
Colors indicate annotated FlowSOM clusters, with quantification and d frequency of marker
expression. e, tSNEs of brain CD8 T cells built on key markers (CD62L, CD44, CD103,
CD69, CD25, PD-1, Nrpl, ICOS, KLRG1, ST2, Ki67, CTLA4). Colors indicate annotated
FlowSOM clusters, with quantification and f frequency of marker expression. g, tSNEs of
brain NK cells built on key markers (CD62L, CD44, CD103, CD69, CD25, PD-1, Nrpl,
ICOS, KLRG1, ST2, Ki67, CTLA4). Colors indicate annotated FlowSOM clusters, with
quantification and h frequency of marker expression. i, tSNEs of brain Treg cells built on key
markers (CD62L, CD44, CD103, CD69, CD25, PD-1, Nrpl, ICOS, KLRG1, ST2, Ki67,
CTLAA4). Colors indicate annotated FlowSOM clusters, with quantification and j frequency
of marker expression. Mean + s.e.m. Statistical analyses were performed using an unpaired

two-tailed Student’s t-test. tSNE plots are compared using cross entropy tests.
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Supplementary Figure 12: Normal peripheral influx following PHP.GFAP-IL-2
treatment in traumatic brain injury mice. Mice treated with PHP.GFAP-GFP control or
PHP.GFAP-IL-2 (day -14) were given controlled cortical impacts to induce moderate TBI
and examined at 15 days post-TBI (n = 3, 4, 4); a sham TBI was included in the PHP.GFAP-
GFP group. Perfused brains from sham, TBI and PHP.GFAP-IL-2-treated TBI mice were
compared by high-dimensional flow cytometry. a, Absolute number of microglia, gated as
CD11b* CX3CR1" CD64" CD45™ Ly6G- cells. b, CD8 and CD4 T cells, as a proportion of
CD45"CD11b" cells. ¢, Absolute number of Treg cells, CD4 Tconv and CD8 T cells. d,
Frequency of CD25, CD44, CD69, Ki67 and PDL1 expressing-cells, and e frequency or f
mean fluorescence intensity (MFI) of amphiregulin (Areg)-producing cells within the CD4
conventional T cell population. g, Frequency of CD25, CD44, CD69, Ki67 and PDL1
expressing-cells, and h frequency of IL-10 or Areg-producing cells, within the CD4
conventional T cell population. i, Mean expression of Areg, in Areg-producing CD4
conventional T cells. j, Representative histograms for CD25, CD44, CD69, Ki67, PDLI, IL-
10 and Areg in CD4 conventional T cells, or k Treg cells, from sham, TBI and PHP.GFAP-
IL-2-treated TBI mice. 1, Mice treated with PHP.GFAP-GFP control or PHP.GFAP-IL-2 (day
-14) were given controlled cortical impacts to induce moderate TBI and examined at 15 days
post-TBI (n = 5/group). Superficial cervical lymph nodes were assessed for the percentage of
CD4, CDS8 and yo T cells within the T cell compartment, and m Treg cells within the CD4 T
cell compartment, n with calculation of absolute numbers. o, Cervical lymph nodes were
assessed for the percentage of CD4, CDS8 and yo T cells within the T cell compartment, and p
Treg cells within the CD4 T cell compartment, q with calculation of absolute numbers. Data

are displayed as mean £ s.e.m. (a—i,1-q).
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Supplementary Figure 13: Normal peripheral influx during distal middle cerebral
artery occlusion following PHP.GFAP-IL-2 treatment. Mice treated with PHP.GFAP-GFP
control or PHP.GFAP-IL-2 (day -14) were subject to IMCAO and examined at day 14 (n = 3,
5, 2). Perfused brains were compared by high-dimensional flow cytometry. a, Absolute
number of microglia, gated as CD11b* CX3CR1" CD64" CD45™¢ Ly6G- cells. b, Frequency
of CD4, CD8 and vy T cells within CD45" cells, and ¢ frequency of Treg cells within CD4" T
cells. d, Absolute numbers of CD4 Tconv, Treg cells CD8, and yd T cells. e, Expression of
CD25, CD44, CD69, Ki67 and PDL1 markers, or f amphiregulin (Areg), IL10 and IL17
within the CD4 conventional T cell population. g, Expression of CD25, CD44, CD69, Ki67
and PDL1 markers, or h Areg, IL10 and IL17 within the Treg population. i, Superficial
cervical lymph nodes were assessed for the frequency of CD4 Tconv, Treg cells, CD8, Treg,
B cells and yd T cells within the CD45™ cell population, with j absolute numbers. Mean +

S.C.m.
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Supplementary Figure 14: Normal peripheral influx during photothrombotic stroke
following PHP.GFAP-IL-2 treatment. Mice treated with PHP.GFAP-GFP control or
PHP.GFAP-IL-2 (day -14) were induced with a photothrombotic stroke and examined at day
1 (n =3, 6, 6). Perfused brains were compared by high-dimensional flow cytometry. a,
Absolute number of microglia, gated as CD11b" CX3CR1" CD64" CD45™¢ Ly6G- cells. b,
Frequency of CD4, CDS8 and yd T cells within CD45" cells, and ¢ frequency of Treg cells
within CD4" T cells. d, Absolute numbers of CD4 Tconv, Treg cells, CD8, and y6 T cells. e,
Expression of CD25, CD44, CD69 and Ki67 markers, or f amphiregulin (Areg), IL10 and
IL17 within the CD4 conventional T cell population. g, Expression of CD25, CD44, CD69
and Ki67 markers, or h Areg, IL10 and IL17 within the Treg population. Mean + s.e.m.
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Supplementary Figure 15: Normal peripheral influx during experimental autoimmune
encephalomyelitis following PHP.GFAP-IL-2 treatment. Mice treated with PHP.GFAP-
GFP control or PHP.GFAP-IL-2 (day -14) were induced with experimental autoimmune
encephalomyelitis (EAE) and examined at days 15, 21 and 30. Perfused CNS was compared
by high-dimensional flow cytometry. a, Frequency of CD8 T cells (n = 5 DO; 5,5 D15; 10,10
D21; 7,6 D30) and b CD4 T cells within CD45% cells (n =5 DO0; 5,5 D15; 10,10 D21; 7, 6
D30), and ¢ frequency of Treg cells within CD4" T cells (n =5 DO0; 5,5 D15; 10,10 D21; 7, 6
D30). d, Absolute number of CD8 T cells (n=5 D0, 5,5 D15; 10,10 D21; 7, 6 D30), e CD4 T
cells (n=5DO0; 5,5 D15; 10,10 D21; 7, 6 D30) and f Treg cells (n =5 DO0; 5,5 D15; 10,10
D21; 7, 6 D30). g, Frequency of CD25, CD44, CD62L, CD69, CD103, CTLA4, GITR,
Helios, ICOS, Ki67, KLRG1, Neuropilinl, PD1 and Tbet expression within the CNS-resident
Treg population on day 15 (n =6, 5), hday 21 (n=6, 5) oriday 30 (n=7, 6). j, IL10 (n=5,
5 D15 and D21; 7,5 D30) and k amphiregulin (Areg) expression within CNS-resident Treg
cells(n=15,5). L IL17 (n=5, 5 D15 and D21; 7,5 D30), m I[FNy (n =5,5), n GM-CSF (n =5,
5 D15 and D21; 7,5 D30), 0 TNFa (n =5, 5 D15 and D21; 7,5 D30), pIL-2 (n=5, 5 D15
and D21; 6,5 D30) and q IFNy-TNFa cytokine expression within the CNS-resident Tconv
population at various times post-EAE induction (n = 5,5). r, 15 days post-induction, major
leukocyte subsets were assessed by flow cytometry in the superficial cervical lymph nodes (n
=5,5) and s the deep cervical lymph nodes (n =5,5). t, Absolute numbers of major leukocyte
subsets in the superficial and u deep cervical lymph nodes (n=5,5). Mean + s.e.m. Statistical

analyses were performed using an unpaired two-tailed Student’s t-test.
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Supplementary Figure 16: Gating strategy for analyzing Treg cells from the brain.
Representative gating strategy used to quantify Treg cell numbers in the brain using flow
cytometry.
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Source data for supplementary figures



Supplementary Figure 4a
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Supplementary Figure 7h
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Supplementary Figure 8
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Supplementary Figure 11a
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