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Background: Leucine-rich repeat kinase 2 (LRRK2) is the strongest known genetic contributor to Parkinson's disease (PD). LRRK2 protein is a kinase An unbiased primary screen of antibodies was performed using seven anti-total LRRK2 and three anti-pSer935 specific antibodies as capture and [ TotalLRRK2Assay | _pSersas LRRK2Assay_| Recombinant, phosphorylated LRRK2 protein was spiked into PBMC cell lysate at three different concentrations. Expected concentrations were the sum
and the subject of numerous drug development programs throughout the pharmaceutical industry. As such, assays that quantify LRRK2 and LRRK2 detection antibodies with 50,000 pg/mL wild-type LRRK2 calibrator in pairwise combinations in both orientations. ECL signal intensity and background —=— Total LRRK2 Assay Conc. | Antibody | Av. ECL Signl g, ECL Signal of the endogenous and the spiked LRRK2 concentrations. Recovery at each spike level was calculated relative to the expected concentration. Dotted
specifically phosphorylated at serine 935 (pSer935 LRRK2) are desirable to screen for inhibitors and to quantify pharmacodynamic markers. The were used to select promising antibody pairs. 1300;0004 RN NSRS (pg/ml) | Pair (Counts) ney (Counts) ney lines represent the guard bands of + 30% of the expected concentration.
development of such assays has proven challenging since there is a paucity of antibodies available against these targets. 200000| STDL 438338 18 397379 54
Methods: Using MSD’s U-PLEX® platform, we have developed sandwich immunoassays for both analytes and shown their suitability for use with human ECL Signal Counts ECL Signal Counts : : - @ 50000 | STD2 140153 39 114480 35
peripheral blood mononuclear cells (PBMCs). Antibody pairs were selected and their concentrations optimized to create the most robust assays possible Antibody 1 | Antibody2 | Antibody3 | Antibody4 | Antibody5 | Antibody6 | Antibody 7 Antibodyl | Anbody2 | Antibody3 S 100,000 12'500 p— p— oy —— o Total LRRK2 Assay pSer935 LRRK2 Assay
from the available antibodies. As test samples, human PBMCs were prepared and treated with or without a LRRK2 kinase inhibitor. Cell lysates were W Antibody1 | 1,087 15827 | 2834 74 47 14407 | 8231 Antibody 1 9,693 46 3,347 S 3'125 e 10’028 2'5 8'1 s 3'5 140 140
prepared from the PBMCs and analyzed with the new assays. 2 | mtbody2 | 11960 | 4307 [ 13715 | 196 70 70417 | 38433 ¢, | Antbody2 23,560 9 L = T oo pys 2 25 % £120 = 120
Results: Cells treated with the inhibitor showed a time-dependent decrease in the abundance of pSer935 LRRK2. A modest decrease in “total” LRRK2 S % Antibody3 | 1,410 2241 71 27 M 2353 1523 % 4 (53 Antibody3 1912 195 740 S 10,000+ i i ! : 100 £ 100
was also noted. The results confirm that the pSer935 LRRK2 assay is specific for quantifying reversible phosphorylation of LRRK2. < Q | tibodys | 66 120 71 42 89 139 149 < & @ Anbodyd 4% e L1 7 19 | STD6 821 31 LCS kil 8 m High Spike g 8- = High Spike
Conclusion: Immunoassays for LRRK2 and pSer935 LRRK2 were successfully developed. The assays are capable of high throughput and are &€ E [ar - £ S S| Antibodys 414 n 138 = 49 STD7 300 iy 20 LS & e g 6 - e
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compatible with PBMCs, a sample type common to clinical research. The assays should prove useful for LRRK2 drug development programs both during 2 = [avbodyo | 328 | 22058 | 4576 % ” 220 295 ¥ Antibody 6 16,048 39 4954 BY  ien g ST S0 109 L2 00l ~ = Low Spike 2 5 = Low Spike
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pre-clinical research and to provide ancillary data in support of clinical studies. S Antibody7 | 5319 22194 2217 5 = 1583 1740 ody Modian Range Modian Range %) 2 .
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MSD's electrochemiluminescence (ECL) detection technology uses SULFO-TAG™ labels that emit light upon electrochemical stimulation initiated at the w Antibody 1 1 633 44 1 3 81 12 A Amjbz d§2 o T T Concentration (pg/mL)
electrode surfaces of MULTI-ARRAY® and MULTI-SPOT® microplates. 2 Anibody2 | 1,196 ) 386 4 2 1548 183 = W il Anibody 3 = n n Pg The total and pSer935 LRRK2 assays do not show matrix interference and afford accurate quantitation in Human PBMC cell lysates.
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2 :'é Amfb"dy3 2 39 12 ! ! l ! = 5 g A”"_bo“y“ 8 L L Left: Average ECL signal counts for the points along the calibration curves are reported from six independent experiments. Both assays exhibit a broad
Electrochemiluminescence Technology E 0 Aﬂtbedy4 1 2 35 1 1 4 1 50 2 m"_bOdy5 4 2 2 dynamic range. Right: Average ECL signal counts along with %CV are reported from six independent experiments and indicate reproducibility across @ Assay RprOdUClblllty
o setazisibads” o Minimal e backaround and st 0 analvt B Antibodys | 10 37 6 0 2 12 5 r AEGTE L L e multiple runs. The tight range of Hill slopes indicate the reproducibility of the linear ranges for the total and pSer935 LRRK2 assays. The sensitivities of both
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yield high signzl-to-backgr%un d ratios gresp y 5 Antibody6 | 166 455 166 ! ! 51 ! = assays are reported as the LLOD, including the means and ranges observed. Total and pSer935 LRRK2 were measured in PBMC lysates treated or not with LRRK2-IN-1 for 30 minutes. Controls produced by spiking specific
e The stimulation mechanism (electrici&) is decoupled from the = Failiiely 4 347 256 ! 3 8 2 ] . . . quantities of recombinant, phosphorylated calibrator into a diluent (Ctr) were also quantified. Dotted lines represent the guard bands of £ 20% of the
response (light signal), minimizing matrix interference. S|gnal intensities e.xpres_sed as E(_JL counts and signal to background ratios fo_r total LRRKZ (above left) and pSer935 LRRK?2 assays (above right). From the @ Ce| | Mode| Va| |dat|0n us|ng Western B |Ott| ng expected concentration.
LIGHT Measured signal _ ; . primary screen, six antibody pairs for the total LRRK2 assay and four antibody pairs for the pSer935 LRRK2 assay were selected.
15 light Luminescence ®  Only labels bound near the electrode surface are excited, enabling
non-washed assays. i i i 12 3 45 6 o - )
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: N et e Labels are stable, non-radioactive, and directly conjugated to 6 | Se.CO'nd.ary Screenlng of Anti bOdleS - - N | \FI)VBeI\sAtgrn kIJllot agallysw with total and pSer935 LRRK2 antibodies was used to validate the Total LRRK2 Assay pSer935 LRRK2 Assay
. il Y e bioloaical molecul Eight-point calibration curves were tested for the secondary screen. Signal intensities, Hill slope, and assay sensitivity were used as criteria for selecting _ cell model.
i T meo , Dlological molecutes. _ _ the best pairs Total LRRK2 Antibody | e~ . 140 140
/ \ T ° Emission at ~620 nm eliminates problems with color quenching. : Top Blot: Total LRRK2 levels show reduction with longer exposures to LRRK2 inhibitor. 120 120
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3125 STD4 949 3225 | 10050 | 8309 763 1,398 3,125 STD4 7,528 2,446 1,992 2,055 Sample 1 LRRK2 Calibrator (1 ng) Western blots establish the properties of the PBMC cell model. At 30 minutes there o 1 2 3 4 5 6 0o 1 2 3 4 5 6
78l STDS 310 961 2706 | 2490 729 1,222 781 STD5 | 2212 797 614 618 Sample 2 Empty is significant reduction in LRRK2 phosphorylation with little or no reduction in total Runs Runs
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e Methods 49 STD7 287 217 444 985 860 1176 i R T TR e Sample 3 PBMC untreated
. - . g STD8 212 204 410 S 943 1,376 0 stg | 732 841 125 159 Sample 4 | PBMC treated with LRRK2-IN-1 30 min The experiment was repeated six times and showed reproducibility with percent recoveries within + 20%.
The total and pSer935 LRRK2 assays are singleplex sandwich immunoassays on the MSD® U-PLEX platform. The protocol below describes the PBMC Hill Siope T T i X7 T i 10 — s e = - Sample 5| PBMC treated with LRRK2-IN-1 1h
: B : C d : 2 : ill Slope . . d d .
preparation and the U-PLEX assay procedure. LLOD (pgiml) 908 103 o1 1 29,449 1.360 TToD To7 320 B s Sample 6| PBMC treated with LRRK2-IN-1 2h .
S/B STD4 z 16 25 9 1 1 SESTh] 5 G T 0 @® Conclusion
Human PBMC Cell Model Antibody pairs highlighted in red yielded the best signal and assay sensitivity. @ Testi ng Selected An“body Pairs on the PBMC Cell Model MSD Total and pSer935 LRRK2 assays were robust and reproducible with excellent sensitivity and broad dynamic ranges. Using these assays, total and
L p PBMCs at 2.5 x 10° cells/mL ] ) . . pSer935 LRRK2 levels were quantified in human PBMCs. Given the current paucity of total and phosphorylation specific assays for LRRK2, these assays
- Frepare S atc.o X LURCelsimL. @ Detection Anubody Titration should prove useful not only for understanding the role of LRRK2 and its phosphorylation in Parkinson’s disease, but will also be instrumental in LRRK2
2. For the control cells, treat cells with DMSO for 1 hour. 52000 Total LRRK2 Assay pSer935 LRRK2 Assay targeted drug development.
. . L . , 2000
3. For the LRRK2 pSer935 phosphorylation inhibited cells, treat cells with 1 uM LRRK2-IN-1 inhibitor A detection antibody ttration was performed for both assays to maximize performance. Tsn 000 - g
for 30 min, 1 hour, and 2 hours. Tolal LRRK2 Assay [ Signal/ Background ratio_| pSer$35 LRRKZ Assay R0 =PBNC Control 2" =PBMC Control Acknowledaments
4. Pellet cells in the presence of phosphatase inhibitors. e Calbrator | Detection Antibody Conc. (ug/mL) o Come.] Detection Antibody Conc. (ugimL) 5 32000 | 30" LRRK2AN-1 § 12,000 - 30" LRRK2AN-1 9
) - £ Conc. | 2 1 05 | 025 g ( /mL) > T 5 T oz o ® 1 hr LRRK2-IN-1 S 8000 - = 1 hr LRRK2-IN-1 Development of these assays was supported by funding from The Michael J. Fox Foundation for Parkinson’s Research (MJFF).
5. Prepare cell lysates using protease and phosphatase inhibitors. o 50,000 | 755 | 922 | 670 | 586 7w pg : : 2 20,000 - 2 hr LRRK2INA g w2 hr LRRK2-IN-
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1. Prepare a solution containing capture antibodies coupled with U-PLEX linkers. Coat the wells . ° Total LRRK2 pair pSerd35 LRRKZ palr
(50 pL per well) and incubate 1 hour at room temperature (RT) with shaking. g “Dm mm 5 wﬂuz u w05 1w 15 2 25
jon cone. Detection Antibody conc. (ug/mL)
2. Wash and add 25 L of prepared sample or calibrator standard to each well. Incubate 1 hour at

RT with shaking. The graphs show representative data obtained from the analysis of three calibrator levels (STD2, STD4, and STD6) as a function
of detection antibody concentration. The signal at each calibrator level is normalized to the signal at the highest detection antibody
concentration (2 ug/mL).The tables to the right of the graphs report the signal to background ratios, which were the deciding

®
The PBMC cell model was tested with the selected total and pSer935 LRRK2 assays. Five micrograms of PBMC cell lysate was
analyzed per well. Total and pSer935 LRRK2 concentrations in the cell lysates were determined by back fitting the signal to the
calibration curve.

Wash and add detection antibody solution (25 pL per well). Incubate 1 hour at RT with shaking.

4. Wash and add read buffer (150 pL per well). Analyze with MSD instrument. factors for selecting the optimal detection antibody concentration. M S | " . Z'hYeE)(l)\//I)Sthz:lssl_ang2 Zgrlt'e\le 1v\f{ith Ehe V\:estern blczjttdata inzsm:;cr:jastpSeggg )sho;/v? zla Eligggizclant :eduction in phosphorylation MSD products are for research use only. Not for use in diagnostic procedures. ‘m 9 0
. , , ) . >75%) after -IN-1 treatment compared to a modest reduction (20%) in tota evels.
Based on the signal to background ratios, detection antibody concentrations of 1 ug/mL for the total LRRK2 assay and B S ﬂ [: a E I S l: [I v E r v MESO SCALE DISCOVERY, MESO SCALE DIAGNOSTICS, MSD, MSD GOLD, DISCOVERY WORKBENCH, MULTI-ARRAY, MULTI-SPOT, QUICKPLEX, SECTOR, SECTOR PR, SECTOR HTS, SULFO-TAG, U-PLEX,
0.5 pg/mL for the pSer935 LRRK2 assay were selected. L . . S-PLEX, V-PLEX, STREPTAVIDIN GOLD, MESO, www.mesoscale.com, SMALL SPOT (design), 96 WELL 1, 4, 7, 9, & 10-SPOT (designs), 384 WELL 1 & 4-SPOT (designs), MSD (design), U-PLEX (design), S-PLEX
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(pg/ml)		Antibody Pair		Avg. ECL Signal (Counts)		%CV		Avg. ECL Signal (Counts)		%CV

				200,000		STD1		438,338		4.8		397,379		5.4
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