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Supplemental Figure 1. Representative gates of the whole blood cell populations used in cytometric data pre-processing for the MS Registry. Glossary: FSC = forward scatter, SSC = side scatter.
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Supplemental Figure 2. Representative examples of gating. (a) The CD4+CXCR2- population is found within the lymphocyte gate and is illustrated here in a two-dimensional density plot (Gate 1 for our screen, Supplemental Figure 1). The CD4+CD19- population has the same appearance. (b) Inside the lymphocyte gate, subsets of cells have been identified using anti-CD4 and anti-CCR5 monoclonal antibodies (left panel). The CCR5+CD4+ population has been subsequently projected onto the CCR7 and CD45RO dimensions (right panel). As noted in the methods section, because the CCR5+CD4+ population is not a clearly distinct cell population and may be the result of a spurious split, the derived features (the CCR5+CD4+CD45RO+CCR7+ CCR5+CD4+CD45RO-CCR7+ cell populations) were not included in the results of our screen (Table 2). The P values supporting a role in MS for these two features is modest (P=0.01 and 0.02 respectively); these were the only features eliminated from Table 2 by this final quality control check. Frequencies in panel 2a refer to the total lymphocyte population, while frequencies in panel 2b refer to the CCR5+CD4+ gated subset.


Supplemental Figure 3. Representative example of gating for subsets of CD8low cells.

As part of a secondary analysis, the CD8lowCD4- cell population inside the lymphocyte gate has been identified (3a) and subsequently projected onto a two-dimendional plot for dissection of the three subsets defined by CD3 and CD56 (3b). Frequencies in panel 3a (left side) refer to total lymphocyte population, while frequencies in panel 3b (right side) to the gated CD8low population.
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Supplemental Figure 4. Distribution of CD8lowCD4-CD3-CD56+, CD4+CXCR2- and CD4+CD19- frequencies in healthy and MS subjects. (4a) The frequency of CD8lowCD4-CD3-CD56+ in each subject with healthy subject, untreated RRMS subject, and CIS subject is shown here. The subjects used in Figure 2b are used again for this figure. (4b) The frequency of CD4+CXCR2- cells in each subject from the extension analysis is plotted here. (4c) The frequency of CD4+CD19- cells in each subject from the extension analysis is plotted here. 
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Supplemental Figure 5. Projection of the frequencies of different cell populations defined with anti-CD3, -CD4, and –CD8 in healthy subjects and subjects with untreated RRMS. These figures are provided to demonstrate that the major classes of lymphocytes defined by these three markers are not significantly different between healthy control subjects and untreated RRMS subjects. The cluster of cells presented in each panel (a-h) is listed above each panel. Marginal differences are noted with the CD3+CD4+ (panel 5d) and CD3+CD8- (panel 5g) comparisons; these results are consistent with our screen’s results presented in supplemental figures 4b and 4c in which a population of cells that essentially captures all CD3+CD4+ marginally meets our screening criterion of P<0.05.
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Supplemental Figure 6. A reduced feature set also returns three subject subsets as being the best solution after consensus clustering. In this analysis, we repeated the analysis presented in figure 3 but used only the 795 non-redundant features of our dataset, instead of the full complement of 1018 features that contains independent assessments of certain cell populations.

Supplemental Table 1a. Antibody pools used in the MS registry project.

	CLAss
	Plate Well
	FITC
	PE
	CyChrome
	APC
	CLAss
	Plate Well
	FITC
	PE
	CyChrome
	APC

	Peripheral Blood Subsets
	a1
	CD4
	CD56
	CD8
	CD3
	Naïve/ Memory B Cells
	c4
	CD27
	CD38
	CD25
	CD19

	
	a2
	IGG1
	IGG2b
	IGG1
	IGG1
	
	c5
	CD27
	CD138
	CD25
	CD19

	
	a3
	CD19
	CD16b
	
	CD3
	
	c6
	CD27
	CD20
	CD25
	CD19

	
	a4
	HLADR
	CD123
	CD11c
	CD14
	
	c7
	CD27
	CD80
	CD25
	CD19

	Lymphoid/Myeloid Homing/Receptors
	a5
	CD4
	CCR1
	CD8
	CD14
	
	c8
	CD27
	CD86
	CD25
	CD19

	
	a6
	CD11b
	CCR2
	CD11c
	CD14
	Naïve/ Memory CD8 Cells
	c9
	CD27
	CCR2
	CD8
	CD45ra

	
	a7
	CD4
	CCR3
	CD8
	CD14
	
	c10
	CD27
	CCR5
	CD8
	CD45ra

	
	a8
	CD19
	CCR4
	CD4
	CD14
	
	c11
	CD27
	CCR7
	CD8
	CD45ra

	
	a9
	CD4
	CCR5
	CD8
	CD14
	
	c12
	CD27
	CXCR3
	CD8
	CD45ra

	
	a10
	CD19
	CCR6
	CD4
	CD45ro
	
	d1
	CD27
	CXCR4
	CD8
	CD45ra

	
	a11
	CD19
	CCR7
	CD4
	CD45ro
	T Cell Activation/Co-Stimulation
	d2
	CD25
	CD4
	HLADR
	CD69

	
	a12
	CD11b
	CXCR1
	HLADR
	CD14
	
	d3
	CD154
	CD28
	CD8
	CD45ro

	
	b1
	CD19
	CXCR2
	CD4
	CD45ro
	
	d4
	CD4
	CD134
	CD54
	

	
	b2
	CD19
	CXCR3
	CD4
	CD14
	
	d5
	CD4
	CD26
	CD5
	CD45ro

	
	b3
	CD4
	CXCR4
	HLADR
	CD14
	
	d6
	CD4
	CD39
	HLADR
	CD45ro

	
	b4
	CD4
	CXCR6
	HLADR
	CD14
	
	d7
	CXCR3
	CCR6
	CD4
	CD45ro

	
	b5
	CXCR3
	CD38
	
	CD19
	B Cell/ Monocyte Activation
	d8
	CD19
	CD30
	CD22
	CD14

	PD Marker Visualization
	b6
	CD11b
	CD62L
	CD11c
	CD14
	
	d9
	CD19
	CD38
	CD4
	CD14

	
	b7
	CD66b
	CD13
	CD4
	CD45ro
	
	d10
	CD19
	CD86
	CD40
	CD14

	
	b8
	CD11b
	CD141
	
	CD14
	
	d11
	CD19
	CD80
	CD154
	CD14

	
	b9
	CD16
	CCR2
	CD11c
	CD14
	
	d12
	CD19
	CD85
	HLADR
	CD14

	Central/ Effector Memory CD4
	b10
	CCR7
	CCR5
	CD4
	CD45ro
	Compensa-tion Controls
	e1
	CD4
	
	
	

	
	b11
	CCR7
	CCR1
	CD4
	CD45ro
	
	e2
	
	CD4
	
	

	
	b12
	CLA
	CCR7
	CD4
	CD45ro
	
	e3
	
	
	CD4
	

	
	c1
	CCR7
	CXCR3
	CD4
	CD45ro
	
	e4
	
	
	
	CD3

	
	c2
	CCR7
	CCR2
	CD4
	CD45ro
	
	e5
	PBS
	PBS
	PBS
	PBS

	
	c3
	CCR7
	CXCR4
	CD4
	CD45ro
	Addit-ions
	e6
	CD25
	CCR2
	CD4
	CD45ro

	
	
	e7
	CD16
	CCR1
	CD11c
	CD14

	
	
	e8
	LA
	CD62L
	CD25
	CD4


The pools of antibodies used in this survey of peripheral blood populations were selected for different reasons. In general, we sought to capture information on the cell surface expression of different known cell populations; the pools are grouped by targeted cell population. The row headings indicate which cell population is targeted by each set of antibody pools, such as central and effector memory T cells in the lower left of the table. A particular interest was the characterization of chemokine receptor genes, and this family of molecules is therefore prominent in the constituents of our pools. 

Supplemental Table 1b: Source of fluorescent antibodies used in the MS Registry.

	Conjugated Antibody
	Supplier
	Cat. ID #

	CD154 FITC 
	BD Pharmingen
	555699

	CD16 FITC
	BD Pharmingen
	555406

	CD19 FITC
	BD Pharmingen
	555412

	CD25 FITC
	BD Pharmingen
	555431

	CD27 FITC
	BD Pharmingen
	555440

	CD4 FITC
	BD Pharmingen
	555346

	CD66b FITC
	BD Pharmingen
	555724

	CLA FITC
	BD Pharmingen
	555947

	HLA-DR FITC
	BD Pharmingen
	555811

	IGG1 FITC
	BD Pharmingen
	550616

	CD4 PE
	BD Pharmingen
	555347

	CD13 PE
	BD Pharmingen
	555394

	CD16b PE
	BD Pharmingen
	550868

	CD20 PE
	BD Pharmingen
	555623

	CD26 PE
	BD Pharmingen
	555437

	CD28 PE
	BD Pharmingen
	555729

	CD30 PE
	BD Pharmingen
	550041

	CD38 PE
	BD Pharmingen
	555460

	CD39 PE
	BD Pharmingen
	555464

	CD56 PE
	BD Pharmingen
	555516

	CD62L PE
	BD Pharmingen
	555544

	CD80 PE
	BD Pharmingen
	557227

	CD85j PE
	BD Pharmingen
	551053

	CD86 PE 
	BD Pharmingen
	555658

	CD103 PE
	BD Pharmingen
	550260

	CDw123 PE 
	BD Pharmingen
	555644

	CD134 PE 
	BD Pharmingen
	555838

	CD138 PE
	BD Pharmingen
	552026

	CD141 PE
	BD Pharmingen
	559781

	CD162 PE
	BD Pharmingen
	556055

	CD212 PE
	BD Pharmingen
	556065

	CD4 PE-CY5
	BD Pharmingen
	555348

	CD5 PE-CY5
	BD Pharmingen
	555354

	CD8 PE-CY5 (DIL.1:6)
	BD Pharmingen
	555368

	CD11C PE-CY5
	BD Pharmingen
	551077

	CD19 PE-CY5
	BD Pharmingen
	555414

	CD22 PE-CY5
	BD Pharmingen
	555425

	CD25 PE-CY5
	BD Pharmingen
	555433

	CD40 PE-CY5
	BD Pharmingen
	555590

	CD54 PE-CY5
	BD Pharmingen
	555512

	CD154 PE-CY5 
	BD Pharmingen
	555701

	HLA-DR PE-CY5
	BD Pharmingen
	555813

	IGG1 PE-CY5
	BD Pharmingen
	550618

	CD19 APC
	BD Pharmingen
	555415

	CD3 APC
	BD Pharmingen
	555335

	CD69 APC
	BD Pharmingen
	555533

	CD11b FITC
	Caltag
	CD11b01-4

	CD4 APC
	Caltag
	MHCD0405

	CD8 APC (Dil. 1:4)
	Caltag
	MHCD0805

	CD14 APC (DIL.1:6)
	Caltag
	MHCD1405

	CD45RA APC (DIL.1:4)
	Caltag
	MHCD45RA05

	CD45RO APC (DIL.1:4)
	Caltag
	MHCD45RO05

	IGG1 APC
	Caltag
	MG105

	CCR5 FITC
	R&D Systems
	FAB182F

	CCR7 FITC
	R&D Systems
	FAB197F

	CCR9 FITC
	R&D Systems
	FAB179F

	CXCR3 FITC
	R&D Systems
	FAB160F

	CCR1 PE
	R&D Systems
	FAB145P

	CCR2 PE
	R&D Systems
	FAB151P

	CCR3 PE
	R&D Systems
	FAB155P

	CCR4 PE
	R&D Systems
	FAB1567P

	CCR5 PE
	R&D Systems
	FAB182P

	CCR6 PE
	R&D Systems
	FAB195P

	CCR7 PE
	R&D Systems
	FAB197P

	CCR9 PE
	R&D Systems
	FAB179P

	CXCR1 PE 
	R&D Systems
	FAB330P

	CXCR2 PE 
	R&D Systems
	FAB331P

	CXCR3 PE
	R&D Systems
	FAB160P

	CXCR4 PE
	R&D Systems
	FAB173P

	CXCR6 PE
	R&D Systems
	FAB699P

	IGG2b PE
	R&D Systems
	IC0041P


Supplemental Table 2: Intra-assay variation in flow cytometric measurements

	
	Frequency1 CD8lowCD4-
	Frequency2 CD8lowCD4-
	Frequency3 CD8lowCD4-
	Frequency4 CD8lowCD4-

	Frequency1 CD8lowCD4-
	1
	0.782236

P=1.332e-15
	0.856574

P=2.2e-16
	0.819414

P=2.2e-16

	Frequency2 CD8lowCD4-
	
	1
	0.890715

P=2.2e-16
	0.902794

P=2.2e-16

	Frequency3 CD8lowCD4-
	
	
	1
	0.966656

P=2.2e-16

	Frequency4 CD8lowCD4-
	
	
	
	1


Correlation for CD8lowCD4- values across 4 wells of the experimental plate  that contain both and anti-CD4 and anti-CD8 antibody. Pairwise comparisons between the four wells are presented; calculations were performed according to Pearson’s product-moment correlation test. Each row or column corresponds to a vector of values made of 81 participants’ CD8lowCD4- values for that particular well. There are 4 such vectors corresponding to 4 such wells. 

Supplemental Table 3. Top 20 features that discriminate each MS subset (1-3) from the other subsets. For each feature, the mean in each MS subset is listed, as well as the mean observed in healthy individuals.
	Cell Subset
	Healthy Mean (%)
	MS1 Mean (%)
	MS2 Mean (%)
	MS3 Mean (%)

	MS1 Defining Features

	Gate 1/CD8lowCD27neg/CD45RApos, CCR7neg
	49.9
	73.1
	37.8
	8.7

	Gate 1/CD8lowCD27neg/CD45RApos, CCR2neg
	50.4
	73.9
	37.4
	12.6

	Gate 1/CD8lowCD27neg/CD45RApos, CCR5neg
	52.2
	72.9
	38.4
	13.1

	Gate 1/CD8lowCCR7neg/CD45RApos, CD27neg
	37.2
	55.7
	27.2
	12.2

	Gate 1/CD8lowCCR5neg/CD45RApos, CD27neg
	36.6
	53
	28
	11.2

	Gate 1/CD8lowCCR2neg/CD45RApos, CD27neg
	34.8
	52.2
	26.7
	11.4

	Gate 1/CD8lowCD45RAneg/CD27pos, CCR2neg
	34.6
	49.5
	33.7
	21.1

	Gate 3/CCR2neg, CD11cpos
	61.3
	76.4
	17.8
	56.4

	Gate 3/CD16pos, CCR2neg/CD11cpos, CD14neg
	49.1
	70.7
	25.2
	31.6

	Gate 1/CD8posCD27pos/CD45RApos, CCR5neg
	36.3
	46.8
	26.6
	21

	Gate 3/CD11bpos, CCR2neg/CD11cpos, CD14neg
	55.4
	74.9
	39
	33

	Gate 1/CD8lowCD45RAneg/CD27pos, CCR7neg
	34.8
	50.8
	38.3
	17.3

	Gate 3/HLADRneg, CD123neg/CD11cpos, CD14neg
	52.3
	73.5
	30.7
	36.2

	Gate 1/CD4posCD56neg
	22
	41.9
	27.4
	16.9

	Gate 1/CD8posCD4neg/CD14neg, CCR5neg
	44.2
	83.4
	49.1
	45.3

	Gate 1/CD8posCD4neg/CD14neg, CCR3neg
	43.3
	85.1
	53.1
	43.2

	Gate 3/CD16pos, CCR1neg/CD11cpos, CD14neg
	46.1
	67.5
	25.6
	28

	Gate 1/CD19posCD25neg/CD27neg, CD38pos
	51.8
	66.3
	41.4
	41.3

	Gate 3/CD16bpos, 
	70.5
	83.7
	18.6
	67.3

	Gate 1/CD8posCD14neg/CD4neg, CCR3neg
	63.7
	87.2
	56.4
	46.9

	MS2 Defining Features

	Gate 3/HLADRneg, CD123neg/CD11cneg, CD14neg
	8.1
	1.7
	66.4
	8.4

	Gate 3/CD123neg, CD11cneg
	20.6
	12.8
	77.7
	22.2

	Gate 3/HLADRneg, CD11cneg
	22.3
	14.1
	79
	23.7

	Gate 3/CCR2neg, CD11cneg
	22.7
	16.5
	80.3
	25.5

	Gate 3/CD11bpos, CCR2neg/CD11cneg, CD14neg
	6.7
	1.2
	56.6
	7.1

	Gate 3/CD11bneg, HLADRneg
	4.1
	1.8
	46.8
	2.5

	Gate 3/CCR1neg, CD11cneg
	20.5
	19.2
	80.1
	24.6

	Gate 3/CD11bneg
	2.9
	1.2
	42.4
	1.5

	Gate 3/CD16pos, CD11cneg
	23.5
	20.3
	79.2
	29.2

	Gate 3/CD141neg, /CD14neg, CD11bneg
	10.7
	6.9
	60.7
	11.1

	Gate 3/CXCR1pos, HLADRneg/CD14neg, CD11bneg
	9.8
	9.3
	66.3
	12.8

	Gate 3/CD11bneg, CD141neg
	2.6
	1.1
	41.7
	1.6

	Gate 3/CD16pos, CCR2neg/CD11cneg, CD14neg
	13.2
	3.2
	70.9
	16.7

	Gate 3/CD11bneg, CD11cneg
	6.2
	1.9
	42.1
	1.9

	Gate 3/CD11bneg, CXCR1pos
	1.4
	1.7
	40.5
	2.3

	Gate 3/CD16pos, CCR1neg/CD11cneg, CD14neg
	8.9
	3.4
	69.7
	17.1

	Gate 3/CD11bneg, CCR2neg
	6.7
	2.2
	41.8
	2.4

	Gate 3/CD16bpos 
	42.4
	30.9
	73.8
	35.8

	Gate 3/CD19neg
	52.6
	50.3
	71
	50.3

	Gate 3/CD16pos, CD11cneg/CCR1neg, CD14neg
	57.4
	71.8
	98.1
	53.4

	MS3 Defining Features

	Monocytes/CD14pos CD11bpos
	20.6
	8.2
	9.7
	34.8

	Monocytes/CD14posCD11cpos
	38.5
	13.8
	14.9
	60.9

	Monocytes/CD14pos CD16pos
	45.4
	14
	17.5
	64

	Monocytes/CD14pos HLADRneg
	37.5
	11.1
	16.4
	59.9

	Monocytes/CD14pos CD123neg
	35.3
	10.2
	18.6
	56.5

	Gate 3/CCR2neg, CD11cpos/CD14pos, CD11bpos
	32.3
	14.7
	11.8
	54.4

	Monocytes/CD14pos CCR2neg
	28.2
	9.1
	18.1
	48

	Gate 3/CD11bpos, CD11cpos/CCR2neg, CD14pos
	34.7
	17.5
	16.2
	59.4

	Gate 3/HLADRneg, CD11cpos/CD123neg, CD14pos
	38.9
	17.6
	13.3
	59.5

	Monocytes/CD14pos CD62Lpos
	39.4
	15
	22.8
	57.8

	Gate 3/CD11bpos, CCR2neg/CD11cpos, CD14pos
	35.8
	23.9
	4.2
	58.3

	Gate 3/CD123neg, CD11cpos/CD14pos, HLADRneg
	38
	15.5
	9.6
	52.4

	Gate 3/CCR2neg, CD11cpos/CD14pos, CD16pos
	36
	17.4
	14.2
	59.9

	Gate 3/CD16bpos, /CD3pos, CD19pos
	38.5
	22.9
	15.2
	58.9

	Gate 3/CD19pos, /CD16bpos, CD3pos
	39.7
	24.8
	18.8
	60.4

	Gate 3/HLADRneg, CD123neg/CD11cpos, CD14pos
	38.9
	24.8
	2.8
	53.9

	Gate 3/CCR1neg, CD11cpos/CD14pos, CD16pos
	41
	23.3
	17.1
	61.4

	Gate 1/CD4posCD45ROpos/CCR7pos, CCR5pos
	6
	3.5
	3.6
	6.8

	Gate 3/CD19pos, CD16bpos/, CD3pos
	42.3
	32.9
	4.9
	60

	Gate 3/CCR2pos, CD11cpos/CD14pos, CD11bpos
	55.1
	46.9
	69.5
	83.2


Supplemental Table 4. Secondary analyses for association of clinical phenotypes to MS subgroup.

	Clinical Feature
	MS1 vs. MS3

P Value
	MS2 vs. MS3 P Value
	MS1 Mean
	MS2 Mean
	MS3 Mean

	Age
	0.12
	0.899
	37.3 y
	44.7 y
	44.1 y

	Age of Onset
	0.495
	0.184
	30.5 y
	33.1 y
	28.3 y

	Years Since First Symptom
	0.016
	0.297
	6.78 y
	11.66 y
	15.82 y

	EDSS
	0.361
	0.304
	1.29
	1.3
	1.79

	T2 Lesion Volume (ml)*
	0.623
	0.334
	2.91
	3.57
	2.85

	BPF*
	0.793
	0.56
	0.897
	0.867
	0.874

	Benign MS**
	0.199
	57.1% Benign
	80.0% Benign
	85.7% Benign


Age, Days since first symptom, Disability status, Ambulatory Index, Disease Activity, Lesion Volume and BPF were analyzed using logistic regression. Glossary: BPF = Brain Parenchymal Fraction, EDSS = Expanded Disability Status scale 

*analysis done on subset of patients (10 MS1; 9MS2; 9MS3) and was corrected for time between first symptom and MRI date.  

**Benign Status was analyzed using a chi-squared test.

Supplemental Table 5. Prediction (cross-validation) results after MS subgroup recognition.

	Subtype
	Class
	Predicted as Healthy
	Predicted as MS
	Prediction Confidence <0.3: No Call

	MS1
	Healthy
	25
	1
	3

	
	MS
	8
	4
	2

	MS2
	Healthy
	29
	0
	0

	
	MS
	3
	7
	0

	MS3
	Healthy
	23
	4
	2

	
	MS
	5
	5
	4
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