
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 II 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. TCRβ productive reads and re-arrangements for CSF 

  msid timept smptp total_productive_reads productive_rearrangements
P1 M00 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 M00 CSF 13,964                                        73                                                    
P4 M24 CSF 32,875                                        168                                                  
P5 M00 CSF 413,563                                     21,185                                            
P5 M24 CSF 338,724                                     1,313                                              
P5 M48 CSF 993,356                                     3,741                                              
P6 M00 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 M00 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 M00 CSF 363,864                                     3,570                                              
P12 M24 CSF 94,878                                        293                                                  
P14 M00 CSF 898,866                                     26,972                                            
P14 M24 CSF 909,409                                     4,597                                              
P15 M00 CSF 142,480                                     395                                                  
P15 M24 CSF 26,177                                        269                                                  
P16 M00 CSF 337,644                                     19,923                                            
P16 M24 CSF 64,789                                        267                                                  
P19 M00 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: TCRβ productive reads and re-arrangements for blood 

 
  



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

 
 



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.



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 0 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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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 naïve 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 naïve
(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 0 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.
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