Supplemental Methods
Additional clinical details on the HALT-MS study. Twenty-five subjects were enrolled on
the HALT-MS clinical trial (1). Patients had an average age of 37 yrs, (range 27-53);
there were 17 females and 8 males. The average disease duration was 6.4 yrs. (range
1.0-13.0). The baseline EDSS (expanded disability status scale) ranged from 3.0 to 5.5
with a mean value of 4.5.

All 25 subjects were mobilized and an autologous graft collected. The graft, Auto-
CD34+HPC, was manufactured under a Type Il Drug Master File (FDA BBIND-11821,
V1.0 July 14, 2004) (2). CD34+ cells were selected using the Baxter Isolex device. The
Certificate of Analysis specified viable CD34+ selected cells of > 70% with other cells
including T cells (CD3+), B cells (CD19+), NK cells (CD56+) and monocytes (CD14+) <
30% combined.

Twenty-four subjects proceeded to transplantation. Subjects received a standard
BEAM preparative regimen of BCNU (300 mg/m2, day -6), etoposide (100 mg/m2/day,
BID days -5 to -2), ara-C (100 mg/m2/day, BID days -5 to -2) and melphalan (140 mg/m2,
day -1) with rabbit antithymocyte globulin (ATG, 2.5 mg/kg/day on days -2 and -1). On
day 0, the autologous graft was thawed and infused. Patients received a minimum of 2.0
x 10e6 CD34+ cells/kg of patient body weight per the protocol; the median viable CD34+
dose was 5.1 (range 3.9 — 12.8) x 10e6 cells/kg, and the median viable CD3+ dose was
2.34 x 10e4 cells/kg (2). HALT-MS subjects engrafted neutrophils with an ANC of greater
than 500 cells/uL at a median of day 11, and platelets at greater than 20,000/uL with no
platelet transfusions in the preceding seven days, at a median of day 18. Treatment failure

was defined as one or more of. death from any cause, MS clinical relapse, EDSS



progression as evidenced by an increase of greater than >0.5 in EDSS confirmed at 3
months or later, or presence of 2 or more independent MRI lesions indicative of disease
activity.
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Supplemental Table 1. TCRp productive reads and re-arrangements for CSF

msid |~ timept|” smptp [T total_productive_reads |~ |productive_rearrangemeni ™

P1 MO0 CSF 1,081,367 15,817
P1 M24 CSF 49,286 70
P1 M48 CSF 4,658 19
P2 M00 CSF 19,655 82
P2 M24 CSF 6,716 42
P2 M48 CSF 5,753 93
P3 M00 CSF 452,232 3,934
P3 M24 CSF 13,481 54
P4 MO0 CSF 13,964 73
P4 M24 CSF 32,875 168
P5 MO0 CSF 413,563 21,185
P5 M24 CSF 338,724 1,313
P5 M48 CSF 993,356 3,741
P6 MO0 CSF 2,583,215 12,989
P6 M24 CSF 125,241 640
P6 M48 CSF 1,651,976 5,543
P8 M00 CSF 2,576,621 7,587
P8 M24 CSF 1,172,362 3,460
P9 MO0 CSF 1,828,100 13,995
P9 M24 CSF 477,499 3,063
P10 M00 CSF 1,595,274 25,978
P10 M24 CSF 41,289 260
P10 M48 CSF 11,862 259
P11 M00 CSF 878,455 3,586
P11 M24 CSF 145,494 433
P12 MO00 CSF 363,864 3,570
P12 M24 CSF 94,878 293
P14 MO0 CSF 898,866 26,972
P14 M24 CSF 909,409 4,597
P15 MO0 CSF 142,480 395
P15 M24 CSF 26,177 269
P16 MO0 CSF 337,644 19,923
P16 M24 CSF 64,789 267
P19 MO0 CSF 20,735 78
P19 M24 CSF 966,922 13,379
P19 M48 CSF 59,495 1,651
P23 M00 CSF 496,492 6,476
P23 M24 CSF 59,405 1,150
P24 M00 CSF 269,105 1,417
P24 M24 CSF 61,859 258
P25 M00 CSF 225,839 1,019
P25 M24 CSF 30,134 301

P25 M48 CSF 22,607 396



Supplemental Table 2: TCRB productive reads and re-arrangements for blood

mmid |~ timent| T |=mptp [T total_produdive reads |7 productive_r=smrangsmem T mmid |~ timent| ™ |=mptp [-T] total_produdive resds |7 productive_resmangsmem
Pl kADD oo 7450008 78584 Pl KADD oa 5111962 23528
Pl k12 o 62372 3170 Pl hti2 o8 5733421 23624
Fl k24 oo 5840310 115484 Fl K24 o8 4838 380 4334
Pl g oo 474430 115,473 Pl Mg o8 5,835,003 44317
P2 kADD oo 9201556 203,260 P2 KADD oa 14,081 639 28,022
P2 k12 o 3,336,736 153144 P2 hti2 o8 3,724,504 33054
P2 k24 oo 2075310 B12E P2 K24 o8 5851072 80,450
P2 g oo 65,3384 133224 P2 Mg o8 23003915 30,936
] kADD oo 11,286,589 104,35 ] KADD oa 6,308,060 28,731
P3 k12 o 17E5620 29882 P3 hti2 o8 2501501 47873
] k24 oo 533278 152614 ] K24 o8 4407350 157233
a4 00 oo 7040332 183705 a4 00 o8 65,626,331 112994
= k12 oo 3443148 43,360 = k12 oa 533358 16011
= iz oo 7863741 106,562 = Kz oa 9,203,857 23475
] 100 oo 13432212 s ] 100 o8 5,036,054 et ol
] k12 oo 3,290,608 133241 ] ht12 o8 4143057 61,004
] iz oo 4843712 212603 ] Kz oa 4255371 62401
] kg oo 2588938 TIATG ] Kz oa 3,140,358 38,305
P& 100 oo 17,740,397 171,206 P& 100 o8 3452809 54204
P& k12 oo 5747151 23337 P& ht12 o8 3852863 79,365
P& M2 oo 516135 23171 P& N2 o8 3722007 90,656
P kg oo 2263158 54198 P Kz oa 1297070 28,351
P7 1100 o 8,297,014 5533 P7 1100 o8 4433554 87,043
7 k12 oo 5790717 20052 7 ht12 o8 3226377 37526
] K00 oo 5,306,056 152538 ] K00 o8 7.182 262 138 434
] k12 oo 6,896,122 116377 ] k12 oa 2834305 5,738
] k24 o 5,123,463 128354 ] K24 o8 331343 20311
] 100 oo 11,236,157 134362 ] 100 o8 590134 1317
] M2 oo 5,423 643 237,131 ] K12 o8 9972,157 2428
] iz oo 5885291 210,455 ] Kz oa 23855 21385
] kg o 3485504 a04ss ] hiaa o8 2536177 22,058
P10 100 oo 14373584 22232 P10 100 o8 431405957 131901
P10 k12 oo 11,045,085 143616 P10 ht12 o8 5137537 2593
P10 iz oo 705,708 356,620 P10 Kz oa 3,800,176 45,085
P10 kg oo 348525 158 P10 Kz oa 3723451 118,174
P11 100 oo 5412481 193,79 P11 100 o8 2572502 71734
P11 k12 oo 8,260,734 1¥2 P11 ht12 o8 4008777 18613
P11 iz oo 3182954 56,044 P11 Kz oa 3194033 11487
P12 kADD oo 5882 408 125782 P12 KADD oa 3,205,380 58,236
P12 k12 oo 4975,161 13428 P12 ht12 o8 4085 408 90,31
P12 k24 oo 2112274 43431 P12 K24 o8 1462192 433931
P14 K00 oo 8333619 214380 P14 K00 o8 5,434 6397 222417
=14 k12 oo 53%5.016 333581 =14 k12 oa 5,480,782 182 666
P14 k24 o 5,168,942 247,004 P14 K24 o8 7083576 356,353
P 100 oo 13246503 228078 P 100 o8 5511245 le1s:
P15 M2 oo 35323314 99 167 P15 M2 o8 2708215 26,685
P15 iz oo 2303975 o] P15 Kz oa 1251204 35,632
PG 1100 o 10,445,819 28443 Pi6 1100 o8 5,896,461 34,365
P& k12 oo 2861604 118,138 P& ht12 o8 2367506 3351
Pl6 M2 oo 2448021 135563 P16 M2 o8 5,058,374 TAE24
P17 kADD oo 4173133 151954 P17 KADD oa 352283 42554
P17 k12 o 2482317 11278 P17 hti2 o8 5271760 43137
P17 k24 oo 5,806,240 1eg.667 P7 K24 o8 2456967 39531
P8 }A00 o 5387807 la1343 Pia 100 o8 4321210 81627
k] k12 oo 3237543 135015 k] k12 oa 4859871 73,360
k] iz oo 3,736,000 100,730 k] Kz oa 4879538 11278
P9 100 oo 9542 215 309951 P19 100 o8 7592658 121382
P9 k12 oo 784502 21807 P19 ht12 o8 4020 3% =l
P13 iz oo 3375548 211096 P13 Kz oa 1,080,804 42113
P13 kg oo 6487333 142313 P13 Kz oa 5161514 128245
P20 100 o TTT2064 L7y P20 100 o8 4288153 les a4l
P20 k12 oo 463759 223340 P20 ht12 o8 561378 757
P20 M2 oo 5,968 6563 13331 P20 N2 o8 3893199 95,539
P21 kADD oo 2859071 235817 P21 KADD oa 9370023 170,975
P21 k12 o 4122281 80,531 P21 k12 o8 4297300 15997
P21 k24 oo 8478402 31417 P21 K24 o8 9283926 168,060
P23 K00 oo 10272413 224355 P23 K00 o8 5843063 138738
P23 k12 oo 7.167 462 140,660 P23 k12 oa TATS 006 31304
P23 k24 o 2373412 2754 P23 K24 o8 2832517 37224
P24 100 oo 3,000,325 141503 P24 100 o8 9,890,114 174334
P24 M2 oo 4038743 137317 P24 K12 o8 5,068,316 3277
#za iz oo 324733 20731 P24 Kz oa 2815263 67472
L] K100 fun 5,206,654 TE.267 P25 1100 o8 1453413 5,002
) k12 oo 4265905 27454 P ht12 o8 14816580 7843
] k24 o 4323500 84923 ] K24 o8 5.268.3% 20,267

L] kg ond 4726740 TR0 L] KAsE nd 5,961,180 25587



Supplemental Table 3: Median and range of TCRp productive reads and re-
arrangements for blood and CSF samples

productive reads

smptp timept min median max
cbd MOO 3,000,325 8,553,619 19,482,412
Cbda M12 62,372 4,265,905 11,045,085

cb4 M24 2,112,274 5,145,394 8,478,402
Ch4  M48 2,263,158 4,111,018 6,487,993
cb8 MO0 1,453,413 5,696,461 14,081,689
cbs M12 2,501,501 4,297,320 14,816,580
cbs M24 1,080,804 3,707,598 9,283,926
Cb8 M48 1,997,070 3,431,910 6,161,514

CSF MO0 13,964 432,898 2,583,215
CSF M24 6,716 63,324 1,172,362
CSF M48 4,658 22,607 1,651,976
re-arrangements

smptp timept min median max

cbd4 MO0 76,267 171,206 309,951
cbda M12 9,170 135,015 359,581
Cbd M24 43,431 144,089 356,620
Cbda M48 54,198 97,962 142,818
cbg MO0 23,528 98,791 222,417
cbg M12 7,883 37,526 192,666
cbg M24 11,487 52,534 356,858
cb8 M48 22,058 47,627 128,245
CSF MO0 73 5,205 26,972
CSF M24 42 297 13,379

CSF M48 19 396 5,543
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Supplemental Figure 1.

TCR overlap percentage was used to determine the percent of clones that were undetectable, termed new (teal)
versus detected, termed persistent (grey) in the CSF repertoire at month 24 compared to pre-therapy for each
participant as in Figure 3A. To ensure the robust changes observed were not due to differences in sampling depth
between time points, randomized, permutation testing was performed to match the sampling depths for CSF
samples collected pre-therapy and at month 24 post-transplant. Data represent the mean from 1000 permutations of

down-sampled pre-therapy repertoire to match the sampling depth at month 24 post-transplant.
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Supplemental Figure 2 (individual lines for Figure 3C).

Longitudinal evaluation of new clones in CSF at month 24 as the percentage detected by ultra-deep sequencing in CD4* or CD8* T cells in blood.
Filled triangles are participants that met the primary endpoint for the HALT-MS study before month 60 post-transplant, and open circles are
participants that stayed in remission from active MS until the last follow-up. *p<0.05 between month O pre-therapy versus months 12 and 24 post-

transplant using mixed model for repeated measures.
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Supplemental Figure 3 (individual lines for Figure 4).

Proportions of TCR clones pre-existing in blood that are (A) pre-existing in CSF pre-therapy and undetectable in CSF at month 24, termed removed, (B) new in
CSF at month 24 post-transplant, and (C) persisting in CSF at month 24 post-transplant. Proportions were aggregated per subject within circulating CD4* or
CD8* T cell repertories pre-to-post transplant and then log-transformed. Filled triangles are participants that met the primary endpoint for the HALT-MS study
before month 60 post-transplant, and open circles are participants that stayed in remission from active MS until the last follow-up. The line represents the mean of

participants evaluated. *p<0.05 between month 0 pre-therapy versus months 12, 24, and 48 post-transplant using mixed model for repeated measures.
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A Disease reactivation CMV- post-Tx A Disease reactivation CMV+ post-Tx
O Remission CMV- post-Tx _ Remission CMV+ post-Tx

Supplemental Figure 4 (individual lines for Figure 5). CMV infection post-AHSCT therapy is associated with impaired TCR diversification and an increased ratio of
effector memory to naive cell subsets in circulating CD8 T cells. (A) TCR repertoire diversity was analyzed using the Shannon entropy index in blood CD4 and CD8 T cells
before therapy and at months 12, 24 and 48 post-transplant. (B) Ratios of circulating CD4 (top) and CD8 (bottom) central memory (Tcm) and effector memory (Tem) to naive
(Tn) cells were analyzed by flow cytometry as previously reported (Harris et al 2018). Filled triangles are participants that met the primary endpoint for the HALT-MS study
before month 60 post-transplant, and open circles are participants that stayed in remission from active MS until the last follow-up. Participants were further stratified based on
CMV infection status post-transplant. Black shapes are participants that were CMV negative, and red shapes are participants that were CMV positive, by PCR post-transplant.
The line represents the mean of all participants evaluated at each time point. *p<0.05 between month O pre-therapy versus months indicated post-transplant using mixed model

for repeated measures in panels A and B. ¥p<0.05 between CMV+ vs. CMV- groups post-transplant at each visit using mixed model for repeated measures in panels A and B.
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Supplemental Figure 5 (individual lines for Figure 6A).
TCR diversification in CSF is reduced at month 24 post-
AHSCT therapy. TCR repertoire diversity was analyzed using
the Shannon entropy index in CSF before therapy and at
months 24 and 48 post-transplant. Filled triangles are
participants that met the primary endpoint for the HALT-MS
study before month 60 post-transplant, and open circles are
participants that stayed in remission from active MS until the
last follow-up. *p<0.05 between month 0 pre-therapy and at month

24 post-transplant.



