Supplemental Material

SUPPLEMENTAL METHODS

Radiochemical purity. Assessment of radiochemical purity by HPLC after radiolabeling of the C4
ligands with 89Zr.
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Fig. S1. Representative HPLC chromatograms of purified 8°Zr-DFO-C4 (A and C) and 8%Zr-DFO-
C4FeMUT (B and D) with UV detection at 280 nm (A and B) and radioactivity detection (C and D).AU:
arbitrary unit, UV: ultraviolet.

Ex vivo biodistribution. After the last PET acquisition, under deep anesthesia, blood was
collected from mice by cardiac puncture in heparinized tubes. Plasma was collected after
centrifugation (10 min, 4000 rpm, 4°C). Heart, liver, spleen, kidney, muscle, and bone were
collected, weighted and their activity was measured with a Cobra gamma counter (Packard).
Background noise and decay correction were applied to the activity measurements. Then injected
dose and weight of the organ corrections were performed to obtain data in injected dose per volume
of tissue (%ID/cc).
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Scheme S1. Scheme of the device used to disrupt mice’s blood-brain-barrier and of the transducer
trajectory on mice skulls.
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Fig. S2. Reversibility of the blood-brain barrier opening by FUS assessed by ['8F]2-fluoro-2-
deoxy-sorbitol ([*8F]JFDS) PET imaging. BBB disruption was induced by FUS on the left
hemisphere, and [*8F]FDS was intravenously injected immediately after (6.4+0.7 MBqg, n = 5)
and 24h after (6.1+0.4 MBq, n=5) in the same C57BI/6 healthy mice. FUS and PET imaging
protocols are described by Hugon et al. (A) Standardized uptake value (SUV) normalized brain
PET images of [*8F]FDS uptake 20 minutes and 24 hours after hemispheric BBB disruption
induced by FUS. (B) Total volume of distribution (V) was estimated using the Logan graphical
analysis. Statistical significance was determined using a t-test with **** p-value < 0.0001. Data
are represented as mean * SD.



Blood kinetic equations. A two-compartment model with intravenous bolus input and first-order
elimination was used to fit the plasma time-activity curves of mice injected with the C4 radioligands.
Equations of the model are:

DOS@ k21 4 _ k21 - ﬁ _
CDlasma(t) = Vc * ( ﬁ —a e ot +ﬁe BXt)
And, v, = —klkzx%
21

With Vc: volume of the central compartment; k10: elimination constant from the central
comportment; k12: transfer constant from the central to the peripheral compartment; k21: transfer
constant from peripheral to central compartment; Vp: volume of the peripheral compartment.

m1TCM and m2TCM equations. A discontinuous entry function was introduced to fit the IgG brain
kinetic in area where FUS were applied. m1TCM equations are:

If t< TFUS:

dCr;
T;IL:SWE = KFUS X CPlasma (t) — k2 x CTissue(t)

ACrissue
Else : % = K1x CPlasma (t) —k2 X CTissue(t)

CVOI (t) = (1 - UB) X CTissue + vB X CBlood (t)

With Crissue the concentration of 8°Zr-DFO-IgG in the considered tissue, K1 (mL/h/g of tissue) a
perfusion-dependent entry constant, k2 (h1) a transfer constant, Trus (h) the time of closure of the
BBB and Krus (mL/h/g of tissue) the perfusion-dependent transfer constant when the BBB is
disrupted. vB (%) is blood volume fraction.

Similarly, m2TCM equations are:

If t <Tpys:
dCns

= Krus X Criasma(t) — (k2 + k3) X Cys(t) + k4 X Cs(t)

Else : 285 = K1 X Cpryama () — (k2 + k3) X Cys(t) + k4 X Cs(t
dt lasma S S
55 = k3 X Cys(t) — k4 X Cs(t)

Cyor(t) = (1 —vB) x (CNS(t) + Cs(t)) + VB X Cpiooa(t)

With Cns the concentration of 8%Zr-DFO-IgG non-specifically bind in the tissue and Cs the
concentration of 8Zr-DFO-IgG specifically bind in the tissue. k3 and k4 are transfer constant (h-1).
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Fig. S3. Scatter plot and regression lines (solid) of IgG C4 observed and predicted concentrations
in blood (A), and brain regions: contralateral hemisphere (B), PET CE (C), Tlw MRI CE (D). The

dotted lines represent the line of identity.
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Fig. S4. Scatter plot and regression lines (solid) of IgG C4F¢MUT gbserved and predicted
concentrations in blood (A), and brain regions: contralateral hemisphere (B), PET CE (C), Tlw MRI
CE (D). The dotted lines represent the line of identity.
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Fig. S5 Elements to evaluate accuracy of the fit models according to the entry function applied in animal injected with IgG C4FMUT in the T1w MRI
contrast enhanced brain region. For each individual and model (left to right): graphic of predicted (blue line) and observed (red circle) concentrations
during the first hour post-injection; graphic of associated residuals (grey circle) according to the time post-injection. AIC: Akaike criterion; SBC:
Schwarz Bayesian criterion.
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Fig. S6 Elements to evaluate accuracy of the fit models according to the entry function applied in animal injected with IgG C4. For each individual
and model (left to right): graphic of predicted (blue line) and observed (red circle) concentrations during the first hour post-injection; graphic of
associated residuals (grey circle) according to the time post-injection. AIC: Akaike criterion; SBC: Schwarz Bayesian criterion.
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Fig. S7. Comparison of the contrast enhanced tumor volumes on the T1-weighted MRI of the sham
and FUS groups injected with C4 (n=8) or C4Fe-MUT (SHAM: n=5, FUS: n=7) antibodies.
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Fig. S8. Ex vivo biodistribution of 8Zr-DFO-C4 (n=8) or 89Zr-DFO-C4Fe-MUT (SHAM: n=5, FUS:
n=5), antibodies in the FUS and the sham groups.



PD-L1 Injected IgG C4Fc-MUT

SHAM

FUS

SHAM . ___ FUS

Fig. S9. Immunofluorescence and hematoxylin/eosin staining of brain sections of C4F¢MUT injected
mice. (A) Adjacent 10pum cryo-sections were stained with either a rat anti-mouse-PD-L1 1gG and
an AF546-goat-anti-rat IgG (orange) or AF546-goat-anti-human IgG (red) to detect the injected
antibody. The immunofluorescence signal is overlaid on DAPI images (blue). Hematoxylin/eosin
staining of adjacent cryo-sections. (B) Hematoxylin/eosin staining of adjacent sections of the ones
in Figure 2C of the main manuscript. Scale bar = 1.0 mm.



Table S1. Individual plasma concentration of 8Zr-DFO-C4 and 8Zr-DFO-C47MYT from mice who received FUS BBB opening.

Plasma concentration(%l1D/cc)

SQZr_C4 BQZr_C4_Fc—MUT
Mouse Index 62 63 66 69 612 67 42 45 44 411 61 64 65 68
Time(min)
0.75 73.88 60.83  78.55 61.21 7448  65.94 86.56 64.85 7274  86.69 77.84 7954 7490 85.77
1.25 74.38 7436  76.37 51.20 60.22 51.15 85.93 7354  77.45 5458  70.28 69.12 68.57 94.40
2 72.40 51.74 73.57 49.48 74.75 67.90 74.89 57.57 66.74 70.36 77.43 66.59 65.42 70.98
3 0.06 5452 66.43 60.11 7829 66.62 67.10 50.33 62.07 56.74 67.06 63.04 6290 66.72
4 82.23 5455 73.04  65.93 64.41  53.92 7891  56.33 63.24  55.83  74.59 71.04  75.45 71.51
5 70.24 5276 7256  57.87 76.21  63.29 73.35 5531 60.45 70.36  75.21 65.98 64.39 71.23
6 72.64  56.42 74.00 54.60 70.99  64.79 63.36  58.16 64.33 64.06  68.38 61.81 69.96 69.80
7.5 71.05 65.78  63.47  53.43 7249  58.61 67.99  49.57 60.15 59.74  73.58 67.69 68.05 71.01
9.5 69.71 56.26  64.39 60.41 65.46  61.19 69.60 44.89  55.05 61.82  68.28 61.64 67.16 60.92
115 66.37 66.63 59.77  55.86 72.82 63.30 68.98 4575 58.71 59.23  67.96 67.19 64.04  65.47
135 66.11 54.21 62.17  52.06 68.89  63.10 66.36 4246  50.02 57.47  67.67 65.32 63.45 59.93
15.5 67.95 59.70 6541 51.29 64.39  63.98 63.85 47.19 5591 53.01  65.09 65.07 57.70  57.96
18 55.21 57.09 5836 48.10 66.66 61.92 7047 4105 4955 5230 6160 61.32 66.66 63.47
21 61.71 57.88 5229  51.07 63.42 58.05 62.17 40.02  47.72 58.26  58.81 56.15 55.98 66.02
24 60.13 58.12 57.76  55.33 60.24  62.57 63.93 3940 4248 5412  56.86 61.61 60.45 64.30
275 60.95 64.38 51.61  50.59 59.96  63.97 61.62 38.81 46.45 4758  60.17 57.15 55.12 58.85
315 62.01 61.22 60.98 51.92 64.17 56.75 60.26  40.09  48.52 51.71  60.97 61.75 53.95 57.90
35.5 59.29 58.46  58.45  50.33 59.18 61.76 63.06 38.46 4740 4346 58.38 52.97 52.23 61.08
40 53.49 60.08 58.20  48.86 60.90 59.91 58.75 39.75 40.87 46.00 60.73 56.11 54.56 59.65
45 55.71 56.32 53.75  46.48 64.41  54.52 57.29 3560 49.61 4422 5881 59.98 50.61 59.01
50 56.24 64.56 56.82 48.14 57.10 60.85 58.79 3894 39.33 4781 59.52 53.11  46.95 58.42
55 56.25 55.37 63.79 4824 5132 58.25 55,56  40.07 42.13  48.24  59.65 56.74  58.59 56.42
59 51.19 54.24 52.40 46.77 52.13 55.06 51.78 35.83 41.11 52.41 59.54 56.42 45.73 60.03
301+8 3479 4098 4113 3486 4400 3851 26.27 23.67 24.46 2222 2550 25.65 26.25 31.84
1324+9 19.78 18.61 16.61 15.40 16.99 18.92 6.97 6.17 4.43 5.23 6.67 6.58 6.01 4.94
2773157 14.38 16.12 13.82 12.53 14.42 13.49 3.08 2.21 2.25 1.83 2.69 1.99 2.78 2.26
4199427 12.63 1431 11.65 12.80 1.28 1.43 1.60 181 1.86 1.34 1.32
9980+30 7.24 10.16  9.49 9.77 7.75 8.95 0.85 0.58 1.11 1.53 0.87 1.09 1.24 1.57



Table S2. Individual concentrations of 8Zr-DFO-C4 and 8Zr-DFO-C4™MUT in the contralateral hemisphere of mice who received FUS BBB opening.
Contralateral hemisphere concentration(%ID/cc)

89Zr-C4 89Zr-C4-FcMUT
Mouse Index 62 63 66 69 612 67 42 45 44 411 61 64 65 68
Time(min)
0.75 2.49 2.33 2.40 1.93 2.98 2.54 2.64 2.52 2.71 3.29 2.80 2.30 1.98 2.62
1.25 2.12 2.22 2.13 1.86 2.99 2.49 2.65 2.82 2.86 3.21 2.79 2.39 2.11 2.35
2 2.65 2.48 2.21 1.75 3.10 2.75 2.66 2.79 2.60 3.26 2.85 2.36 2.40 2.33
3 2.85 2.42 2.55 1.89 3.01 3.30 2.73 2.64 2.53 3.02 3.08 2.40 2.43 2.57
4 2.88 3.12 2.71 1.95 3.21 3.06 2.89 3.06 2.81 3.43 3.23 2.72 2.61 3.00
5 3.18 3.29 2.89 2.06 3.29 3.54 3.04 2.66 2.81 311 3.36 2.64 2.68 3.08
6 3.29 3.28 2.87 1.99 3.25 3.66 3.22 3.10 3.08 3.52 3.55 2.76 2.90 3.49
7.5 3.31 3.15 3.08 1.95 3.44 3.85 3.20 291 2.88 3.34 3.55 2.84 2.92 3.45
9.5 3.24 3.28 3.08 1.97 3.46 3.80 3.36 2.90 3.04 3.40 3.66 2.86 3.43 3.63
115 3.46 3.60 3.28 1.98 3.69 4.03 3.33 2.97 3.02 3.52 3.76 2.89 4.14 3.63
135 3.36 3.83 3.18 2.00 3.60 4.15 3.47 3.09 3.04 3.45 3.78 2.99 4.01 3.85
15.5 3.45 3.84 3.22 1.96 3.69 4.09 3.32 3.04 3.09 3.46 3.93 2.99 3.80 3.70
18 3.53 3.80 3.35 2.01 3.74 4.35 331 3.15 2.99 3.48 3.96 2.99 3.88 3.86
21 3.52 4,01 3.35 2.03 3.78 4.39 3.29 3.22 2.94 3.53 3.82 2.87 3.87 3.99
24 3.57 4.10 3.43 1.99 3.78 4.28 3.54 3.23 2.93 3.74 3.99 2.88 3.84 3.91
27.5 3.66 4.27 3.54 2.03 3.82 4.64 3.39 3.17 2.97 351 413 2.97 3.90 411
315 3.71 4.35 3.47 2.12 3.86 457 3.28 3.23 2.92 3.56 4.07 3.07 3.75 4.25
35.5 3.75 4.36 3.62 1.99 3.83 4.79 3.27 3.17 291 3.51 4.20 3.04 3.80 4.29
40 3.71 4.44 3.74 2.04 3.90 4.83 3.30 3.36 2.98 3.64 4.10 3.15 3.67 4.26
45 3.61 4.40 3.78 2.08 3.84 4.87 3.20 3.28 3.00 3.57 4.14 3.02 3.68 4.34
50 3.81 4.62 3.78 2.12 3.91 5.06 3.12 3.21 2.92 3.47 4.24 3.02 3.61 4.43
55 3.81 4.54 3.87 2.07 3.89 5.03 3.17 3.28 291 3.60 4.27 3.03 3.73 4.40
59 3.69 4.67 3.95 1.99 3.84 5.10 2.99 3.31 2.73 3.42 4.17 3.08 3.62 4.43
301+8 3.94 4.28 5.01 2.14 4.41 454 3.98 2.93 2.87 3.08 4.05 2.54 2.75 3.74
132449 2.19 2.71 3.41 1.23 0.64 2.38 1.58 1.47 1.51 1.67 2.13 1.26 1.30 2.04
277357 1.40 1.90 2.54 1.03 0.59 1.70 1.14 0.97 1.10 1.25 1.41 0.91 0.93 1.38
4199+27 1.27 1.67 2.01 1.49 0.91 0.86 0.87 1.18 0.86 0.80 1.28
9980+30 1.48 1.45 1.83 1.31 1.53 1.33 1.07 0.75 0.86 1.21 1.05 0.79 0.80 1.20



Table S3. Individual concentrations of 8Zr-DFO-C4 and 8Zr-DFO-C47MUT jn the tumor enhanced on post-contrast T1-weighted MRI of mice who
received FUS BBB opening.

Tumor T1w MRI contrast enhanced concentration (%I1D/cc)

89Zr-C4 89Zr-C4-FcMUT
Mouse Index 62 63 66 69 612 67 42 45 44 411 61 64 65 68
Time(min)
0.75 1.74 1.36 1.02 2.01 2.28 1.27 3.50 151 1.42 1.94 1.98 1.94 2.51 1.66
1.25 2.12 1.99 3.93 3.32 1.59 1.69 2.44 1.54 1.18 2.54 2.08 2.08 2.02 3.04
2 2.10 2.45 2.80 2.56 1.71 2.39 2.55 1.95 1.98 2.69 1.61 2.26 1.94 2.31
3 1.87 2.39 3.19 2.11 2.05 1.81 2.65 1.94 2.03 2.47 2.18 2.48 2.09 1.95
4 2.19 2.37 2.98 3.73 2.27 2.29 2.35 2.19 2.51 2.99 2.64 2.71 2.90 241
5 2.39 2.60 3.42 2.56 1.71 2.33 3.31 2.22 2.74 3.30 2.72 2.66 2.43 2.82
6 2.45 2.81 3.80 2.89 2.41 2.04 3.33 2.56 2.82 3.46 3.22 2.63 2.45 2.83
75 2.72 2.84 3.48 2.73 2.66 2.66 3.26 2.94 2.85 3.19 3.14 2.80 2.08 2.74
9.5 2.92 2.87 4.48 3.17 2.72 2.22 3.21 3.02 3.00 3.37 2.96 2.97 3.16 3.06
115 3.24 3.63 4.10 2.69 2.22 2.15 3.77 3.37 3.52 3.51 3.61 3.04 5.04 2.98
135 3.12 3.09 4.05 2.88 2.51 2.31 3.58 3.32 3.06 3.33 3.29 3.41 3.88 3.04
15.5 3.47 2.97 3.68 2.75 2.52 2.36 3.78 3.65 3.67 3.33 3.35 3.37 3.71 2.96
18 3.49 3.48 4.26 3.42 2.30 2.64 3.92 351 3.80 3.61 441 3.46 3.67 2.99
21 3.67 3.68 4.10 4.02 2.41 2.38 4.80 3.70 3.58 3.82 3.92 3.43 3.46 3.58
24 3.74 3.64 4.74 3.56 2.46 2.87 4.81 4.07 3.74 4.15 3.88 3.52 3.04 3.19
275 3.51 3.71 5.19 2.88 2.69 2.50 4.42 4.45 3.79 4.07 4.40 3.65 3.09 3.68
315 3.71 3.83 5.23 3.44 2.69 2.70 5.11 4.22 4.11 4.35 4.19 3.64 3.12 3.64
35.5 3.90 3.88 5.25 3.99 2.57 3.08 5.05 4.57 3.66 4.49 4.06 3.57 2.95 3.54
40 4.26 411 5.70 3.25 2.80 2.77 5.08 451 3.72 451 4.94 4.07 2.94 3.16
45 4.47 4.24 491 3.47 3.08 3.12 5.55 4.23 4.25 4.67 4.73 3.68 2.84 3.65
50 450 4.13 5.88 3.67 3.05 3.02 4.97 4.27 4.32 4.65 4.79 4.08 2.87 3.75
55 4.29 4.28 5.41 4.00 2.73 2.86 5.94 4.56 4.02 4.46 5.31 4.02 2.54 3.73
59 4.44 3.97 6.10 4.35 2.57 3.30 5.86 4.76 4.26 4.58 4.69 4.06 3.10 3.40
301+8 5.36 471 5.92 4.27 3.03 3.36 7.01 4.63 4.54 6.67 6.59 4.16 2.99 4.15
132449 551 3.00 3.89 4.62 0.52 2.80 4.86 2.61 2.33 5.18 4.48 3.09 2.13 4.02
277357 6.39 2.26 3.31 5.86 0.32 2.34 3.53 1.81 1.75 4.35 3.52 2.46 1.54 3.20
4199+27 7.14 2.14 2.94 2.57 2.88 1.65 1.59 2.97 2.31 1.32 2.76
9980+30 8.53 2.61 7.05 12.31 4.74 2.37 1.32 0.76 0.84 1.84 1.83 1.44 0.98 2.19



Table S4. Individual concentrations of 8Zr-DFO-C4 and 8Zr-DFO-C47-MUT in the tumor enhanced on PET images of mice who received FUS BBB

opening.
Tumor PET contrast enhanced (without T1lw MRI CE VOI) concentration(%ID/cc)
897r-C4 89Zr-C4-FcMUT
Mouse Index 62 63 66 69 612 67 42 45 44 411 61 64 65 68
Time(min)
0.75 1.75 182 161 249 209 211 3.09 2.05 2.05 2.16 2.21 2.04 2.75 2.19
1.25 211 190 310 321 226 234 2.86 2.36 2.09 2.12 2.16 2.30 2.79 1.98
2 223 220 242 263 181 279 2.60 2.16 241 2.68 2.10 2.14 2.68 2.60
3 219 220 244 232 199 273 2.80 2.66 2.57 2.67 2.16 2.50 3.01 2.74
4 244 221 264 270 221 3.23 3.06 2.72 2.90 2.67 2.79 3.05 3.47 3.27
5 265 231 290 292 222 322 3.21 2.65 3.05 3.10 2.88 2.83 3.39 3.10
6 263 249 338 285 253 3.01 3.35 2.80 3.14 3.74 2.93 2.84 3.19 3.04
7.5 282 284 344 298 254 3.37 3.33 3.21 3.43 3.12 3.21 2.92 3.45 3.70
9.5 285 277 358 286 2.65 3.56 3.21 3.15 3.43 3.44 3.24 3.29 4.29 3.69
115 291 347 3.68 295 223 396 3.48 3.35 3.51 3.48 3.30 3.31 5.73 3.90
135 3.14 287 4.08 296 2.60 4.18 3.60 3.26 3.74 3.69 3.62 3.76 5.27 3.79
155 3.00 310 3.68 2.86 259 3.98 3.72 3.53 3.93 4.32 347 3.27 5.19 3.99
18 3.15 3.33 418 311 242 450 3.76 3.61 3.90 3.99 3.81 3.22 5.30 4.30
21 347 346 434 329 255 4.69 3.98 3.53 3.91 4.28 3.95 3.63 4.96 4.09
24 339 346 431 350 266 4.39 4.02 3.68 3.90 3.94 4.17 4.00 4.93 421
27.5 349 369 464 3.06 267 4.90 4.06 3.77 4.02 4.33 421 3.74 4,70 4,55
315 3.70 3.71 495 327 267 4.98 4.20 3.84 4.18 4,57 4.23 3.55 4.63 4,61
35.5 3.67 369 518 345 264 4.95 431 4.06 4.08 4,59 4.27 3.86 4.65 4.44
40 3.77 407 529 323 283 5.13 4.45 4.14 4.22 4.86 4,59 4.02 4.60 4.66
45 390 3.90 495 329 2388 540 4.77 4.00 4.33 5.00 4.81 3.97 4.42 4.84
50 3.67 3.92 540 376 295 5.37 4.63 3.93 4.21 491 4.83 4.14 4.41 5.02
55 389 413 552 363 3.01 546 4.68 4.07 4.28 5.03 4.92 4.00 4.37 5.26
59 3.74 378 519 370 287 547 4.90 4.08 421 4.88 4.45 4.16 3.87 5.01
30148 423 473 6.67 366 293 548 5.30 4.50 4.28 5.92 5.70 4.48 344 5.20
1324+9 3.79 267 417 317 0.82 293 3.66 2.50 2.34 4.42 3.97 3.25 1.46 3.28
2773457 427 2.07 337 390 050 233 2.50 1.60 1.60 3.22 3.03 2.37 0.95 2.43
4199+27 480 1.89 3.06 2.35 2.15 1.31 1.29 2.55 2.36 0.88 2.05
9980+30 785 236 6.41 9.07 419 3.96 1.54 0.88 0.98 1.65 1.63 1.19 0.77 1.50



