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Fig. S1 MMPt therigen specifically induces RICD of MOG specific T cells in vitro. a.
Percent loss of viable cell counts for the activated 2D2-TCR-tg (MOGp35~55 specific) and OT-
IT (OVAP323~339) T cells in response to stimulations of MMPt, MOGp35~55, MP4, and OVA
protein at indicated doses for 48 hours in the presence of irradiated syngeneic splenocytes. b.
Percent cell loss of activated 2D2 TCR-Tg T cells in response to in vitro anti-CD3e stimulation
at the indicated doses for 48 hours. Data represent > 2 independent experiments.
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Fig. S2. Dose dependence and TCR specificity of activated mouse primary T cell RICD in
vitro. Lymph node T cells from a C57BL/6 OT-I mouse was isolated and stimulated with 3
ug/mL concanavalin A for 2 days, and subsequently treated with 100 I[U/mL IL2 complete RPMI
media in culture for 6 days before subjected to the serial dilutions of mass matched amounts of
anti-CD3 (2C11-145 with 2 x of protein A), or OT-I (SIIFENKL/H2K(b)) tetramer stimulation
for 48 hours in culture. a. Viable cell counts (left Y axis) and percent of cell loss (right Y axis)
data are plotted on doses of TCR stimulation as indicated in the x axis. b. Percent loss of
activated OT-1 or OT-II Tg T cells responses to the indicated doses of tetramer stimulations for
48 hours, red diamonds: OT-I T cells in response to OVAp/H2-K(b) tetramer, blue squares: OT-I
T cells response to class-II tetramer control CLIP/I-A(b), black triangles: OT-II T cells in
response over the OT-I specific OVAp/H2-K(b).
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Fig. S3. MMPt treatment on MOGp35~55 (MOGp) induced monophasic and relapse-
remitting (RR) EAE diseases in mice. a. Experimental design for therapeutic and preventive
treatments of MOGp-induced monophasic mouse EAE. C57BL/6 mice immunized at day 0 are
subjected to 400 ug per mouse 1V injection twice daily at the indicated days after EAE induction.
b. Schematic presentation of the therapeutic and relapse-preventive interventions over the
timeline of the MOGp-induced RR EAE in C57BL/6 x SJL F1 mice. Gradient intensity reflects
development and severity of EAE disease signs in both the monophasic and the RR EAE models.
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Fig. S4. Therapeutical effect of MMPt on established EAE in C57BL/6 mice. a. one
representative experiment depicting the peak of MOGp-induced score 3+ EAE mice (n=5 each
group) received 6 doses vehicle or MMPt at 0.4 mg i.v. twice per every other day as indicated in
red arrows (day 14, 16, and 18 post EAE induction). b. Histopathological H&E staining of spinal
cord sections representatively showing reduction of CNS inflammatory cell infiltration in EAE
mice treated by the MMPt. Representative spinal cord sections from as indicated a normal mouse
(upper), the day-20, 3-dose vehicle of normal saline (NS, middle) or 800 ug MMPt treated
(bottom) in MOGp-induced EAE mice.
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Fig. SS MMPt treatment significantly improves pathological myelin damage in the spinal
cord of MOGp-induced C57BL/6 EAE mice. Histopathological analysis of lumbar spinal cord
sections from mice of normal (left panels), day 20 post induction of EAE treated with normal
saline vehicle (middle panels), and day-20 EAE animal treated with 3 doses of MMPt as depicted
in Suppl. Fig. S2a. Sections were stained by H&E (upper), Myelin stain by toluidine blue
(middle), and another myelin staining dye Luxol fast blue-Periodic acid Schiff (LFB-PAS,
bottom panel).
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Fig. S6. MMPt show improved protection over MP4 on MOGp-induced EAE in C57BL/6 mice.
Mice were immunized for EAE induction on day 0 by using MOGp35~55 Hook’s Lab kit. Data
display the EAE clinical scores of the EAE-induced mice that were subjected to i.v. injections at
day 8, 10, and 12 with vehicle (n=5), or 800 ug of MMPt (n=5), or 800 ug of MP4 (n=5) as
indicated. Statistical analysis was performed using Student’s t-test and two-way annova with
Tukey’s multiple comparison, ** p <0.01, *** p <0.001. Data represents 1 of 2 independent
experiments.
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Fig. S7. MMPt show therapeutic and preventive effect on mouse spinal-cord (SC)
homogenate-induced EAE in C57BL/6 mice. Mice were injected subcutaneously with spinal
cord homogenate emulsion, 100 uL (~ 4 mg spinal cord mass) in each of the upper and lower
back locations on day 0, along with 400 ng pertussis toxin intraperitoneally injections at 2 hours
and 24 hours per mouse after the SC homogenate. a. EAE mean clinical scores of mice that were
treated at day 8, 10, and 12 with vehicle (squares, n=3), or 200 ug MMPt (circles, n=3) via i.v.
injections (red arrows). b. EAE mean clinical scores of mice after disease establishment that
were treated at day 12, 14, and 16 with vehicle (squares, n=3), or 200 ug MMPt (circles, n=3) via
1.v. injections as indicated by the red arrows. One-way ANOVA with Tukey's multiple
comparisons was used for statistical tests, * p < 0.05, *** p <0.001, **** p <0.0001.
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Fig. S8. RICD is antigen specific and resistant to cyclosporin inhibition.

a, the sketch of in vivo RICD experiment by adoptive transfer of activated DO11.10, OVA323-
339 peptide(OV Ap)-specific TCR transgenic T cells into BALB/c mice, or MOGp35-55 specific
2D2 TCR-Tg T cells into C57BL/6 mice, treated with and without cyclosporin A (CsA) as
indicated, and subsequently encountering the mice with repeated OV A peptide stimulations as
indicated in the time course for induction of RICD. b, loss of the adoptively transferred OV Ap-
specific T cells in the spleens and lymph nodes of recipient mice. Percent of adopted T cells
under indicated experimental conditions are shown. After 2 injections of 1.25 mg/kg CsA via IP
at hour -15 and hour -2, 6-million pre-activated DO11.10 T cells (in vitro pre activation with 1
ug/mL concanavalin A (Con A) for 3 days and cycling for 2 days in culture with 100U/mL of IL-
2 ) were injected by IV in 8~12-week-old BALB/c female mice ( n=3 per group). Mice were
treated on DO, D2, D4 twice daily with IV injections of 20 ug control (scrambled peptides) or
OV A323-339 peptides. A third injection of CsA was given on D3 (1.25 mg/Kg, IP). On day 4,
splenocytes and LN cells were analyzed by flow cytometry. ¢, MMPt specifically deplete
MOGp-reactive T cells in a CsA resistant manner in vivo. CD45.1 C57/BL mice (8 ~ 12-wk-old,
n=3) were injected via IP with 1.25 mg/Kg CsA at 15 hours and 2 hours before adoptive IV
transfer of 6x10° of pre-activated 2D2 T cells (same as in panel a). Mice were subjected on DO,
D2, with IV 400ug twice/day of MMPt or OVA protein. On DS, splenocytes and LN cells were
quantified by flow cytometry, n=3 for each group. d, Flowcytometry CFSE assay showing in
vitro inhibition of activation and proliferation of DO11.10 TCR-Tg T cells in response to OVAp
stimulation in the presence of absence of 1 ug/ mL CsA for 5 days. DO11.10 TCR-Tg T cells
were isolated and labeled with CFSE before subjected to 10 uM of OVA323~339 peptide loaded
on irradiated syngeneic mouse splenocytes for 3 days and subsequently treated with 100 TU/mL
IL2 in culture for 2 days. Samples in the CFSE histograms are as indicated in corresponding to
the day-5 cell cultures.
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Fig. S9. Tissue distribution of therigen protein through intravenous injection in MOG-
induced C57BL/6 EAE mice. Ex vivo fluorescence imaging of organs removed from EAE mice
with a clinical score of 3 that were sacrificed 3 hours or 24 hours after tail vein injection of
rhodamine-conjugated MMPt (R-MMPt) or thodamine conjugated ovalbumin (R-OVA). Bright
field (left panels), fluorescence images (middle panels), merged images (right panels). Organs
are annotated in order as shown in the upper left image.
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Fig. S10. Uptake of therigen MMPt by perivascular macrophages but not DCs in the CNS
of MOGp-induced C57BL/6 EAE mice. Confocal microscopy imaging of the EAE spinal cord
section at 1 hour after MMPt IV injection. The examined cell populations are shown in
individually assigned wavelength channels and the corresponding merged images, F4/80 for
macrophages (blue), DC-Venus for DC (yellow), CD31 for blood vessel endothelia (red), and
MMPt (green). All scale bars equal 50 um.



204 ¢ MMPt *kk 401 o ¢ MMPt
= OVA *° = OVA
L]
B 151 30+
2
=
*2 ns =] L] *ok
3 10 ] < 201 N
o . T
(74
%) °
5 oo I‘I 10+ i
L ]
0 T T 0 T T
Microglia Macrophages MHCII ICAM-1

Fig S11. MMPt induces interactions of infiltrating T cells with local macrophages in the
CNS of EAE mice. a, The number of CD3™ T cells per field in contact with microglia (10 fields)
or macrophages (7 fields) of images taken from I[IVM images of the spinal cords of EAE mice
that were injected IV with MMPt or Ova proteins for 1 hour as indicated in Fig 2. b, Relative
fluorescence intensities (RFI) per field (n=6) of essential components of the immune synapse
MHCII and ICAM-1 are shown for immunofluorescent staining of the spinal cord sections of
EAE mice treated with MMPt or OV A proteins as indicated in Fig 3. Data analyses were
automatically generated by Image J software. The unpaired t-test was used for statistics, ** p
<0.01, *** p < 0.001. Data represent two independent experiments.
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Fig. S12 Human monocytes/macrophages express ADGRE1/EMRI. a. Analysis of single
cell RNAseq data (Human Protein Atlas, https://www.proteinatlas.org/) shows tissue-specific
expression of normalized transcripts per million (NTM) ADGREI/EMR1 mRNA in selected
types of cells in humans. b. A violin plot displays co-expression of ADGRE1/EMRI1 genes with
CD16 mainly in a subset of monocytes but not in other human blood cell types, including CD14"
monocytes. The annotated data set is analyzed with Seurat (v.4.1.0) in Rstudio (v.1.3.1056).
Shown are single cell ADGREI/EMRI1 expression levels per indicated cell types, from analysis
of a publicly available data set (81).
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Fig. S13. Gating strategy for T cells from the isolated spinal cord mononuclear cells. a,
gating on CD3", CD45.2" T cells for Figure 6 a ~ c¢; and b, gating on CD11b", CD45.2" T cells
for Figure 6d.
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Fig. S14. MMPt treatment on MOGp35~55 induced EAE in C57BL/6 mice associate with
significant apoptosis of monocytes in the affected spinal cord tissue. a. Flowcytometry
staining CD11b and CD45.2 on monocytes isolated from the spinal cords at day 0, 9, 11, and 13
of the MOGp35~55 EAE induction, showing dynamics of spinal cord infiltrating leukocytes and
activated local microglia during EAE induction in mice. Upper panels: total spinal cord
leukocytes (CD11b*CD45" in purple); Middle panels: the spinal cord infiltrating monocytes
(CD11b"CD45"#" in black; Bottom panels: activated microglia (CD11b"CD45™ in yellow). b.
Flowcytometry showing annexin V positive apoptotic CD11b*CD45"&" monocytes in the spinal
cord of EAE mice on day 15 of EAE induction (24 hours after the first dose of MMPt/Vehicle

treatment) in reference to the experimental schedule shown in figure S2a. Data represent 2
independent experiments for panel b.
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Movie S1

Movie S1. Therigen presentation to endogenous T cells in the CNS of MOGp-induced
C57BL/6 EAE mice. Intravital two-photon microscopy movies showing rhodamine-conjugated
MMPt (R-MMPt, red) presentation to the EAE infiltrating T cells (CXCR6-GFP, green) in the
spinal cord of a score-3 established EAE mouse. Video clips were recorded for 5 minutes at 1
hour post R-MMPt injection (left), and 7minutes 50 seconds at 4 hours post the injection of R-
MMPt. The endogenous CNS infiltrating green T cells migrate to macrophages and forming
immune synapses as visualized by the marked circles, which is in contrast to DCs (Venus
yellow) that did not show measurable interactions with T cells as shown in Suppl. Fig. S7.



Movie S2. Meningeal antigen-presenting cells quickly capture therigen protein. Intravital
two-photon microscopy movie clip showing kinetic distribution of the therigen MMPt from a
blood vessel in the spinal cord meningeal area of a CX3CR1-GFP (microglia specific) transgenic
EAE mouse in real time. The movie recording started within a few seconds after the IV injection
of thodamine-conjugated MMPt (R-MMPt), and lasted for 30 minutes, with R-MMPt in red and
microglia in green. Data represent two independent experiments.
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Movie S3. Therigen presentation to endogenous T cells in the CNS of MOGp-induced
CS57BL/6 EAE mice. Intravital two-photon microscopy movies showing rhodamine-conjugated
MMPt (R-MMPt, red) presentation to the EAE infiltrating T cells (CXCR6-GFP, green) in the
spinal cord of a score-3 established EAE mouse. Video clips were recorded for 5 minutes at 1
hour post R-MMPt injection (left), and 7minutes 50 seconds at 4 hours post the injection of R-
MMPt. The endogenous CNS infiltrating green T cells migrate to macrophages and forming
immune synapses as visualized by the marked circles, which contrasts with DCs (Venus yellow)
that did not show measurable interactions with T cells as shown in Suppl. Fig. S7.
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