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SUPPLEMENTAL METHODS

CHEMICALS

Chemicals were obtained from the following compani€heMatech, Thermo Fischer Scientific macrocycle
design technologies, Merck, Sigma Aldrich, VWR, #&uVanced Biochemical Compounds (ABX). All chemgal
were utilized directly without any further purifitan. P‘Cu]CuCb was received from the Department of
Preclinical Imaging and Radiopharmacy, Universityspital Tuebingen, Germany. 14D3 [1], 4D9 (Schlepck
etal, 2020 [2]), and ATV:4D9 antibody (Van Lengerietal, 2023 [3]) were provided by DENALI Therapeutics,

South San Francisco, United States, and GermareCentNeurodegenerative Diseases (DZNE Munich).

p-SYK ASSAY

Quantification of p-SYK levels in HEK293 cells stalbverexpressing TREM2 and DAP12 upon stimulatidtin
either 4D9 or ATV:4D9 was determined using the ApISA technology. The experiment was performed as
described previously by Schlepckahal. 2020 [2].

IN VITRO STABILITY

[6“Cu]Cu-NODAGA-ATV:4D9 was incubated in murine plasfoa48 h. After neck dislocation of the mouse, the
blood was collected by cardiac puncture and traresfleinto an Eppendorf tube. The blood samples were
centrifuged for 10 minutes at 2000 rpm (Mini spentrifuge, Eppendorf), and blood cells were sepdrfitom

the plasma, which was subsequently kept at -207h@.tracer (172.5 MBq) was incubated in 100 pL ofime
plasma with gentle shaking (400 rpm) at 37 °C 84 After 30 min, 180 min, 270 min, 19 h, 42 h &&lh,

10 pL of the mixture was taken and injected intd_ BRAgilent Technologies, 1200 series, Phenomeiméxnen,
BioSep™ 5 pm SEC-s 4000 500 A LC Column 300 x 7.8 mm, With M sodium phosphate buffer, pH 7.2,

isocratic run, 1 mL/min, 20 min).

SDS-PAGE

Antibody integrity was assessed by SDS-PAGE underreducing conditions for unmodified antibodies%4D
and ATV:4D9, modified antibodies NODAGA-4D9 and NABBA-ATV:4D9, and labeled antibodie&'Cu]Cu-
NODAGA-4D9 and $*Cu]Cu-NODAGA-ATV:4D9. Antibodies (2 pg in PBS) weircubated with SDS sample
buffer (bio-rad, #1610747), loaded onto an 8% Bt Tris Plus gel and run with MOPS buffer at 2000v 35
min. Seeblue™ Plus2 Protein Ladder (Thermo Fisluégnific) was used as a standard. Proteins weaiaest
using Coomassie staining (SimplyBlue Safestain rifloeFisher Scientific) for one hour. The radioaetiyels
were exposed to a phosphor imaging plate for 3Qutas The plates were scanned with a CR-Readerd BR3,

Durr Medical), and analyzed using Aida Image Analyzoftware.

Analysis of antibody integrity and functionality e NODAGA modification was performes vivo using plasma
samples from mice 20 h p.i. treated witfCu]Cu-NODAGA-4D9 (39.8 MBg, WT, n = 1, male) d¥Cu]Cu-
NODAGA-ATV:4D9 (42.3 MBq, WT;TfR" n = 1, male). Cardiac blood was collected in EQildes (Sarstedt
Microvette 100 K3E), centrifuged (3000 x g, 10 mamyd the plasma was separated. Radioactivity meamsunts
using a gamma counter were used to quantify tiamesentrations in the plasma. SDS-PAGE and autogaaiphy

were conducted as previously described, excepOtRaig of antibody was loaded per well.



TRACER BENCHMARKING

%ID/g and SUVR values from PET studies utilizingamge of TSPO tracers were compiled. Ratios were
calculated by comparing TSPO-rich tissues withrexfee tissues, and compared to ratios derived [ft@u]Cu-
NODAGA-4D9 PET data of 5XxFAD;TfR/"and WT;TfR"/20 h p.i. in the frontal cortex.

IMMUNOHISTOCHEMISTRY

AD brain tissue was taken from an 83-year-old fenpaltient with following characteristics: AD Brastiage VI,
AP phase 5 according to Thal, cerebral amyloid aralop(especially in leptomeninx, occasionally imoertex)
stage 2 according to Thal, CERAD C + Lewy Body Rise(amygdala predominantly) + TDP43 stage 2 aswprd
to Josephs. The TREM2 genotype was unknown.

Immunohistochemistry was performed on paraffinisestusing a Ventana BenchMark ULTRA (Roche). Prima
antibodies were (a) mouse anti-beta-amyloid (17¢(2ne 4G8; diluted 1:5,000; Biolegend SIG-392a20y (b)
mouse anti-hyperphosphorylated microtubule-assetigirotein tau (MAPT) (clone AT-8; diluted 1:400;
ThermoFisher #MN1020). Pretreatment for antibogdyw@s 80% formic acid for 15 min and antibody (bjling

in CC1 buffer for 36 min. Diaminobenzidine/peroxddabased detection system was UltraView. Staing wer

scanned with a Zeiss Axio Scan.Z1.

AUTORADIOGRAPHY OF HUMAN BRAIN SECTION

In vitro autoradiography of the human brain section wasdgoted as described for 5xFAD;TfR"™ and

WT;TfR™/"mjce (Methods, main manuscript).



SUPPLEMENTAL FIGURES

FIGURE S1 - ARSENAZO SPECTROPHOTOMETRIC ASSAY
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Validation of Lambert Beer’s law. The absorbanceiéferent concentrations of Cu(AAIH)n 0.15 M NHOACc,
pH 7.0 was measured at 652 nm in a 1.0 mL quaxtettaiusing a UV-Vis spectrophotometer. Linear esgion,

R? = 0.9957. Modified from [4].



FIGURE S2 - QUALITY CONTROL OF%Cu]Cu-NODAGA-ATV:4D9 AND [f“Cu]Cu-NODAGA-4D9
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(A) Radio-TLC of PACu]Cu-NODAGA-ATV:4D9 on ITLC-SG chromatography pap&: = 0.0. (B) HPLC
chromatogram of $fCu]Cu-NODAGA-ATV:4D9; NODAGA-ATV:4D9 (R = 10.1 min, UV channel);
[64Cu]Cu-NODAGA-ATV:4D9 (R= 10.1 min, radio channel). (C) Radio-TLC 6fQu]Cu-NODAGA-4D9 on
ITLC-SG chromatography paper; R 0.0. (D) HPLC chromatogram of*Cu]Cu-NODAGA-4D9; NODAGA-
4D9 (R = 10.3 min, UV channel)#{Cu]Cu-NODAGA-4D9 (R= 10.3 min, radio channel). (E) Radio-TLC of
[64Cu]CuCh on ITLC-SG chromatography papek=RL.0. (F) SDS-PAGE of ATV:4D9 (1), NODAGA-ATV:4D9
(2) and p*Cu]Cu-NODAGA-ATV:4D9 (3) with autoradiography (4¥ the SDS-PAGE gel. (G) SDS-PAGE of
4D9 (1), NODAGA-4D9 (2) and®fCu]Cu-NODAGA-4D9 (3) with autoradiography (4) oktlsDS-PAGE gel.



FIGURE S3 - STABILITY OF §*Cu]Cu-NODAGA-ATV:4D9
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(A) In vitro stability of F*Cu]Cu-NODAGA-ATV:4D9 in murine plasma over 48 h rsaeed by SEC-HPLC
(radioactivity channel). (B) Autoradiography of &DS-PAGE gel loaded with plasma from %Cu]Cu-
NODAGA-4D9 (1) injected WT mouse and from @Qu]Cu-NODAGA-ATV:4D9 (2) injected WT;TfRYhu
mouse. (C) Radio-TLC of plasma from &du]Cu-NODAGA-4D9 injected WT mouse on ITLC-SG
chromatography paper,: Rracer) = 0.0-0.1. (D) Radio-TLC of plasma fronj®4Cu]Cu-NODAGA-ATV:4D9
injected WT;TfR""“mouse on ITLC-SG chromatography papar(tRicer) = 0.0-0.1.



FIGURE S4 - BRAIN BIODISTRIBUTION
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WT;TfR™M mice were administered 14.9 + 0.7 MBq (correspogdio 11.9
[6“Cu]Cu-NODAGA-ATV:ISO (n = 1, RCY = 85.6%, RCP = 1006, As= 1.3) in 150 pL phosphate buffer by

intravenous injection through the tail vein. Thiatiee brain uptake was determined after intracdrgerfusion

by biodistribution in WT; TfRY"\mice (n = 5 per group, female = 7, male = 3; 10vghths) at 20 h p.i. Unpaired

t-test, p = 0.0032 (**), mean * SD.

FIGURE S5 - NON-DECAY-CORRECTED BRAIN BIODISTRIBUTIN
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Non-decay-corrected brain uptake determined byigiobution after intracardial perfusion in SxFAGR™/MY
5XFAD, WT;TfR™hiand WT mice at 2 h, 20 h and 40 h p.i. One-way AM@ONkey’s multiple comparison test,

p<0.05 (*), p< 0.01 (**), p< 0.001 (***) and p< 0.0001 (****), mean + SD.



FIGURE S6 - PET IMAGES 2 h AND 40 h p.i.
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Tracer uptake in the brain of 5xFAD;TTR"™ WT;TfR™h 5xFAD and WT mice at 2 h p.i. (left) and 40 h p.i

(right) in %ID/g.



FIGURE S7 - TREM2 PROTEIN LEVELS IN MOUSE BRAIN LYSES

50
* ok ok ok

= 40
£
()]
£
o 304
>
2
N
= 20-
nd
}_
£
© -
= 10

0

&
N &
&F

Brains were collected from 5xFAD and control anisnatound 6 months of age after cold PBS perfusoain
cortex was dissected out for homogenization usigig buffer (Cell Signaling #9803) containing pie inhibitor
cocktail (Roche #4693159001) and PhosSTOP (RocH#6887001) as described previously [5]. After
centrifugation, supernatants were transferred to tades for protein concentration and mouse TRENE\asis.
Mouse TREM2 levels were determined in diluted bigsates (1:5) by an electrochemiluminescence-bassaly
using the Meso Scale Discovery Platform as desdriiefore [2, 5]. MSD values acquired on the MSDt&ec
Imager S600 reader were converted to absolute itjeardf TREM2 by interpolating from a 4-parametagistic
curve fit to the mouse TREM2 standard using Graghpeasm software and then normalized to the protein

concentrations of each sample. Unpaired t-testp@e01 (****), mean + SD.



FIGURE S8 - TRACER BENCHMARKING
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A benchmark comparison of multiple TSPO PET traesr§‘Cu]Cu-NODAGA-ATV:4D9. TSPO data derived
from other PET studies (Tables S6 and S7) were teedlculate a ratio between target positive afdrence

tissue. Ratios are shown as (A) %ID/g and (B) SUVR.
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FIGURE S9 - FLOW CYTOMETRY GATING STRATEGY
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Flow cytometry gating strategy of the CD11b enritliaction (A) and the CD11b depleted fraction (Bgft
panels show pooled data from APPSAA;TfR'mice (n = 4) of total cells, right panels singletmsidered for

cell count and purity assessment.
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FIGURE S10 - PET IMAGES OF APP TfR™/iys WTx; TIR™M20 h p.i.
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Tracer uptake in brains of AR, TfR™M 20 h p.i. in %ID/g. WT;TfRY"images, derived from Fig. 3, are shown

for comparison purposes.

FIGURE S11 - SPECIES SELECTIVITY OF 14D3 AND 4D9
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AlphaLISA mediated quantification ofYK levels (normalized to protein concentrationHiEK293 FlpIn cells
stably overexpressing either human TREM2 and hubra®12, or mouse TREM2 and mouse DAP12 stimulated
with 20 pg/uL hTREMZ2 14D3 (R2c), isotype controR@, mTREM2 4D9 (R2a) and isotype control (R2a)taDa
represent mean = SD (n = 2 in triplicates).
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FIGURE S12 - CO-LOCALIZATION OF IHC (A AND TAU PROTEIN) AND ARG
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Immunohistochemistry of occipital brain sectionsided from a patient with Alzheimer’s disease (Aleyealed
cortical binding of (A B-amyloid and (B) pTau. (C)n vitro autoradiography (ARG) of{Cu]Cu-NODAGA-
14D3. (D) A3 and pTau pathology were co-localized with tradadimg.
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SUPPLEMENTAL TABLES

TABLE S1 BRAIN UPTAKE FROM BIODISTRIBUTION EXPERIMETS

Decay-corrected data:

0,
»ID/g 5XFAD;TfR muhu | WT;TfR muhu 5xFAD WT F statistics
Mean = SD
. i F (3, 20) =17.63,
4
2hp.i. 0.57 +£0.20 0.56 £ 0.09 0.21+0.0 0.1%.a7 P<0.0001
. ] F (3, 20) = 75.59,
7
20 h p.i. 0.52 £ 0.06 0.46 £ 0.04 0.13+0.0 0Qt1m05 P<0 0001
. F (3, 20) = 9.350,
40 h p.i. 0.30 £ 0.07 0.23+0.12 0.14 £ 0.04 0t1m03 P=0 0005
Non-decay-corrected data:
0,
%ID/g 5XFAD;TfR ™Whu | \WT;TfR mwhu 5xFAD WT F statistics
Mean + SD
. L F (3, 20) = 18.29,
2 hp.i. 0.46 £0.18 0.46 £0.09 0.17 £0.06 0.10.66 P<0.0001
. F (3, 20) = 76.57,
D
20 h p.i. 0.15+0.02 0.14 +£0.02 0.04 +£0.02 0201 P<0.0001
. F (3, 20) =10.43,
+ + +
40 h p.i. 0.03+0.01 0.02 +0.01 0.01 + 0.01) Q@100 P=0.0002
TABLE S2 BIODISTRIBUTION DATA 40 h p.i.
0,
»ID/g 5XFAD;TfR mwhu WT;TfR mwhu 5xFAD WT
Mean = SD
Brain 0.30 £ 0.07 0.23+0.12 0.14 £0.04 0.10@30.
Heart 0.87 £0.15 0.81+£0.33 1.47 +0.55 1.26570.
Kidney 1.88 +0.31 1.67 +£0.75 3.03+1.57 2.64.301
Pancreas 0.61 +0.15 0.54 +0.26 0.98 +0.48 0.03%
Spleen 4.48 £0.91 3.28+1.61 5.63 + 3.57 3.44581
Muscle 0.31+0.09 0.24 +£0.09 0.53+0.17 0.47160.
Bone 7.99 +2.51 10.15 + 8.49 8.87 £3.10 6.54621.
Lung 1.48 +0.29 1.30 £ 0.56 1.59+1.21 2.01 $90.9
Liver 3.56 £ 0.33 2.69 +1.36 3.69+1.23 4,76 921.
Blood 2.02+0.76 1.19 + 0.67 5.99 + 2.79 3.47861.
TABLE S3 UPTAKE IN CORTEX FROM PET ANALYSIS
0,
%ID/g 5XFAD;TfR ™Whu | \WT;TfR mwhu 5xFAD WT F statistics
Mean = SD
) F (3, 18) = 26.32,
2hp.i. 2.25+0.10 1.68 +0.28 1.45+0.11 1.3 P<0.0001
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_ F (3, 18) = 26.68,
+ + *
20 h p.i. 0.90+0.18 0.55 +0.05 0.48 £ 0.08 2n11 P<0 0001
) F (3, 19) = 6.207,
+ + + ?
40 h p.i. 0.11 +£0.02 0.06 +£0.03 0.11+£0.0 0taHB02 P=0.0040
TABLE S4 - UPTAKE IN HIPPOCAMPUS FROM PET ANALYSIS
0,
%ID/g 5XFAD:TfR ™ | \WT:TfR muhu 5xEAD WT F statistics
Mean = SD
_ F (3, 18) = 1.140,
+ + + 2 .
2hp.i. 1.45+0.26 1.40 +0.29 1.31+0.1 1.1®30 P=0 3597
) | F (3, 18) = 22.17,
. 55 +0. 34 +0. .30 +£0.07
20 h p.i 0.55+0.09 0.34 +£0.08 0.30+0.0 tABO7 P<0 0001
] F(3,19) =
D
40 h p.i. 0.06 £0.02 0.06 £ 0.05 0.07 £0.02 QtaH0o3 0.2938, P=0.8294

TABLE S5 - EFFECT SIZES EXPRESSED AS COHEN’'S D FREGHET ANALYSIS

|

3 Cortex Hippocampus
Cohen’sd
2h 20 h 40 h 2h 20 h 40 h
. mu/hu
SXT/CTD_ ’TTfEmu,hu vs 2.68 2.62 1.75 0.16 2.50 -0.19
5XFAD; TfR™/"ys 5xFAD 7.44 2.98 0.18 0.68 3.30 -1.03
TABLE S6 - BENCHMARK COMPARISON IN %ID/g
1 0,
Tracer Host Overview Region #ID/g . Ref
pos vs ref pos/ref/ratio
[*F]PBR06 mouse APP vs WT CTX 4.07/3.33/1.22 [6]
Neuroinflammation
[1CDPA-713 mouse | " !schemic srokel oy 31112 53/1.23 7]
model (ipsilateral
vs contralateral)
Neuroinflammation
[8F]GE180 mouse | M ischemic strokel 4.26/3.42/1.25 [7]
model (ipsilateral
vs contralateral)
[*F]DPA-714 mouse 3xTg-AD vs WT| whole brain | 1.35/0.98/1.38 [8]
WT;
Neuroinflammation
18
[**F]FEPPA mouse | .. ed by LPS v CTX 1.35/0.98/1.38 [9]
saline
[64Cu]Cu-NODAGA- 5XFAD;TfR™/ys
ATV-4D9 mouse WT-TfRmuh CTX 0.90/0.55/1.64
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TABLE S7 - BENCHMARK COMPARISON IN SUVR

Overview . SUVR SUVR Ref
Tracer Host Region . .
pos vs ref ref region | pos/ref/ratio
[8F]PBRO6 human|  PD vs healthy outamed  9°P3 | 1 67/1.0011.07 [10]
brain
[*%F]PBRO6 human AD vs healthy hippocampusCerebellar 1.07/0.97/1.10 [11]
cortex
1%F]GE180 mouse|  PS2APP vs WT, forebrain VM€ | 6 71/0.64/1.11 [12
matter
Neuroinflammation
induced by
[1%F]FEPPA rat | CXpositiontofine | retrosplenial| o b 0 98/0.83/1.18  [14]
particulate matter cortex
(PM2.5) vs sterile
filter
BFIDPA-714 mouse APPIPS1-21 vs CTX cerebellum| 0.88/0.73/1.21 [14
WT
1ICIPBR28 mouse APPIPS1-21 vs CTX cerebellum| 0.96/0.73/1.3p [14
WT
[8F]DPA mouse APP/\F;VsTl'Zl v CTX cerebellum| 1.05/0.74/1.4p [14]
[64Cu]Cu-NODAGA- 5XFAD;TfR™/huys
ATV-4D9 mouse W TRmuA CTX cerebellum| 1.53/1.06/1.4p
TABLE S8 - UPTAKE IN CORTEX FROM SPM ANALYSIS
0,
#ID/g 5XFAD;TfR™/hu | WT;TfR mwhu 5xFAD WT F statistics
Mean £ SD
. ] F (3, 15) = 10.24
y
2 hp.i 2.26 £0.22 1.80+£0.36 1.47+0.0 1.5026 P=0.0006
. F (3, 18) = 24.33,
+ + + +
20 h p.i. 0.77+£0.14 0.52+0.06/ 0.42+0.08 0.27+£0.11 P<0.0001
_ F (3, 19) = 3.719,
+ + + +
40 h p.i. 0.09+0.02 0.06 £+ 0.03] 0.09+0.02 0.06 +£0.02 P=0.0294
TABLE S9 - EFFECT SIZES EXPRESSED AS COHEN’'S D FRGMM ANALYSIS
Cortex
Cohen’sd
2h 20 h 40 h
5xFAD;TfR™/huys
WT-TfRmah 1.57 2.39 1.35
5XFAD;TfR™/hiys 5xFAD 4.89 3.14 -0.03

16



REFERENCES

1. Haass C, Kleinberger G, Schlepckow K. TREM2 vdege modulators and uses thereof.
W02018015573A2; 2018.
2. Schlepckow K, Monroe KM, Kleinberger G, CantGastelvetri L, Parhizkar S, Xia D, et al. Enhancing

protective microglial activities with a dual funati TREM2 antibody to the stalk region. EMBO Mol Med
2020; 12: e11227.

3. van Lengerich B, Zhan L, Xia D, Chan D, Joy &rkJI, et al. A TREM2-activating antibody with a
blood—brain barrier transport vehicle enhancesagil metabolism in Alzheimer’s disease modelst Na
Neurosci. 2023; 26: 416-29.

4, Shojaei M, Zhou Q, Palumbo G, Schaefer R, Kaskid, Vehmaan-Kreula P, et al. Development and
Preclinical Evaluation of a Copper-64-Labeled Aatllp Targeting Glycine-Alanine Dipeptides for PET
Imaging of C9orf72-Associated Amyotrophic Laterale®osis/Frontotemporal Dementia. ACS Pharmacol
Transl Sci. 2024; 7: 1404-14.

5. Xia D, Lianoglou S, Sandmann T, Calvert M, Shh Thomsen E, et al. Novel App knock-in mouse
model shows key features of amyloid pathology @wals profound metabolic dysregulation of micraghlol
Neurodegener. 2022; 17: 41.

6. James ML, Belichenko NP, Nguyen T-VV, Andrews [Cing Z, Liu H, et al. PET Imaging of
Translocator Protein (18 kDa) in a Mouse Model &fh&imer's Disease Using(2,5-Dimethoxybenzyl)-28F-
FluoroN-(2-Phenoxyphenyl)Acetamide. J Nucl Med. 2015; %kt -6.

7. Chaney A, Cropper HC, Johnson EM, LechtenbergPéferson TC, Stevens MY, et BC-DPA-713
Versus!®F-GE-180: A Preclinical Comparison of Transloca®ootein 18 kDa PET Tracers to Visualize Acute
and Chronic Neuroinflammation in a Mouse ModelsifHemic Stroke. J Nucl Med. 2019; 60: 122-8.

8. LiuY, XuY, LiM, Pan D, LiY, Wang Y, et al. Mti-target PET evaluation in APP/PS1/tau mouse
model of Alzheimer's disease. Neurosci Lett. 207ZZ8: 134938.
9. Vignal N, Cisternino S, Rizzo-Padoin N, San ©nktbnnou F, Gelé T, et al¥FJFEPPA a TSPO

Radioligand: Optimized Radiosynthesis and Evalusti® a PET Radiotracer for Brain Inflammation in a
Peripheral LPS-Injected Mouse Model. Molecules.&@B: 1375.

10. Liu S-Y, Qiao H-W, Song T-B, Liu X-L, Yao Y-X,hao C-S, et al. Brain microglia activation and
peripheral adaptive immunity in Parkinson’s diseaseultimodal PET study. J Neuroinflammation. 20P2
209.

11. Wang Q, Chen G, Schindler SE, Christensen KayidNS, Liu J, et al. Baseline Microglial Activatio
Correlates With Brain Amyloidosis and Longitudi@dgnitive Decline in Alzheimer Disease. Neurol
Neuroimmunol Neuroinflamm. 2022; 9: e1152.

12. Brendel M, Kleinberger G, Probst F, Jaworsk@®gerhoff F, Blume T, et al. Increase of TREM2
during Aging of an Alzheimer’s Disease Mouse MolddParalleled by Microglial Activation and Amyloigis.
Front Aging Neurosci. 2017; 9: 1-13.

13. Cheng M-F, Cheng T-J, Guo YL, Chiu C-H, Wu H-¥&n R-F, et al. Neuroinflammation in Low-
Level PM2.5-Exposed Rats lllustrated by PET vidraproved Automated ProducetffJFEPPA: A Feasibility
Study. Mol Imaging. 2022; 2022: 1076444.

14. Lépez-Picon FR, Keller T, Bocancea D, HelinKi&yczmonik A, Helin S, et al. Direct Comparisoh o
[*¥F]F-DPA with ['®F]DPA-714 and T:XC]PBR28 for Neuroinflammation Imaging in the sarmeh®imer’s
Disease Model Mice and Healthy Controls. Mol ImagBiol. 2022; 24: 157-66.

17



