
SUPPLEMENTARY INFORMATION

Implication of TIGIT+ human memory B cells in immune regulation

Md Mahmudul Hasan1, Sumi Sukumaran Nair2, Jacqueline G O'Leary3, Luan Snipes-
Thompson3, Verah Nyarige4, Junwen Wang4, Walter Park5, Mark Stegall5, Raymond 
Heilman2, Goran B. Klintmalm3, HyeMee Joo1* and SangKon Oh1* 

1Department of Immunology, Mayo Clinic, Scottsdale, AZ 85259, USA.
2Department of Medicine, Mayo Clinic, Phoenix, AZ 85054, USA
3Baylor University Medical Center, Dallas, TX 75246, USA.
4Department of Health Sciences Research, Mayo Clinic, Scottsdale, AZ 85259, USA.
5William J. von Liebig Transplant Center, Mayo Clinic, Rochester, MN 55905, USA

This file contains:
Supplementary Figs. 1-16
Supplementary Tables 1-3



M
FI

 o
f C

D
11

a 

8

12

4

0

P=0.0037

M
FI

 o
f C

D
18 3.0

4.5

1.5

0

P=0.0021

M
FI

 o
f C

D
19 8

12

4

0

P=0.125

M
FI

 o
f C

D
21 4

6

2

0

P=0.021

M
FI

 o
f C

D
24 2

3

1

0

P=0.0016

M
FI

 o
f C

D
32 4

6

2

0

P=0.066

M
FI

 o
f C

D
35

  

5.0

7.5

2.5

0

P=0.012

M
FI

 o
f C

D
37 6

9

3

0

P=0.932

M
FI

 o
f C

D
38

 

4

6

2

0

P=0.141

M
FI

 o
f C

D
39 6

9

3

0

P=0.0018

M
FI

 o
f C

D
40

 

10

15

5

0

P=0.0066

M
FI

 o
f C

D
46

 

6

9

3

0

P=0.10

M
FI

 o
f C

D
47

 

8

12

4

0

P=0.0245

M
FI

 o
f C

D
53 8

12

4

0

P=0.029

M
FI

 o
f C

D
54

 

4

6

2

0

P=0.022

M
FI

 o
f C

D
55 4

6

2

0

P=0.108

M
FI

 o
f C

D
58

 

4

6

2

0

P=0.0018

M
FI

 o
f C

D
72

 

4

6

2

0

P=0.20

M
FI

 o
f C

D
14

7

3.0

4.5

1.5

0

P=0.034

M
FI

 o
f I

TG
α4

2

3

1

0

P=0.02

M
FI

 o
f C

D
26

8 3

4

1

0

P=0.65

2

Supplementary Fig. 1 Surface phenotypes of IL-10+ and IL-10- B cells.
B cells from the blood of healthy subjects (red) and tonsillar B cells (black)  were stimulated as in Fig. 1. Delta 
MFI values (1x103) of CD11a, CD18, CD19, CD21, CD24, CD32, CD35, CD37, CD38, CD39, CD40, CD46, 
CD47, CD53, CD54, CD55, CD58, CD72, CD147, CD268, and integrin α4  on both IL-10+ and IL-10- B cells are 
presented. Each dot represents data generated with cells from different donors (n=5). Statistical significance 
was tested by a two-tailed paired t-test. 
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Supplementary Fig. 2  Summary of MFI (1x103) values of cell surface molecules tested in Fig. 2c.  Individual dots 
represent data generated with cells from different donors (n=5). Error bars are mean ± SD. One-way ANOVA with  
Holm-Sidak's multiple comparisons test was used. 



Supplementary Fig. 3  Summary of MFI (1x103) values of cell integrins tested in Fig. 2c.  Individual dots represent 
data generated with cells from different donors (n=5). Error bars are mean ± SD. One-way ANOVA with Holm-Sidak's
multiple comparisons test was used. 
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Supplementary Fig. 4  CD39 expression on P1-P6 B cells before and after activation with CpG-B.
(a-b) FACS plot and bar graphs showing MFI values (1x103) of CD39 on P1-P6 B cell subsets before (a) and 
after 16 hrs CpG-B activation (b). Individual dots in a and b represent data generated with cells from different 
donors (n-=5). Error bars are mean ± SD. P values were acquired with one-way ANOVA with Holm-Sidak's
multiple comparisons test.



Supplementary Fig. 5 P1, P2, and P4 B cells maintain similar cell viability during in vitro culture. FACS-
sorted P1, P2, and P4 B cells were cultured in the presence of CpG-B for 48 hrs. The frequency of live and 
dead cells were assessed using Live/Dead Fixable Aqua Dead Cell Stain Kit. (a) Representative FACS data 
are presented. (b) Summarized data generated with cells from the blood of different healthy subjects (n=5) in 
three independent experiments. Error bars are mean ± SD. P values were acquired with one-way ANOVA with  
Holm-Sidak's multiple comparisons test.
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Supplementary Fig. 6 P1, P2, and P4 B cells can express both IL-6 and TNFα in response to 
CpG-B stimulation. FACS-sorted P1, P2, and P4 B cells were cultured in the presence of CpG-B for 
48 hrs as in Fig.3d. Culture supernatants were collected at indicated time points. The amount of IL-6 
and TNFα in the supernatants were assessed  with bead-based multiplex assays. Summarized data of  
from three independent experiments using cells from healthy subjects (n=4). Error bars are mean ±
SD. 
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correction.
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Supplementary Fig. 8  Normalized counts of TIGIT (a) and GZMB (b) expression 
before and after activation with CpG-B for 16 hrs. Error bars are mean ± SD. Data 
from six independent experiments performed with cells from healthy subjects (n=6). 
Statistical significance was tested with one way ANOVA with  Holm-Sidak's multiple 
comparisons test.



Supplementary Fig. 9 Granzyme B inhibitor does not alter B cell viability. B cells in Fig. 4f were stained 
with Live/Dead Fixable Aqua Dead Cell Stain Kit (a).Summarized data generated with cells from healthy subjects 
(n=5) in three independent experiments (b). Statistical significance was tested with a two-tailed paired t-test. 
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Supplementary Fig. 10 TGFβ1 expressed by P4 memory B cell  can suppress IFNγ and IL-17 expression 
by CD4+ T cells . (a) Normalized counts of TGFB1 before activation (upper panel) and  after activation for 16 hrs
with CpG-B (lower panel). RNA-Seq analysis for all six populations (P1-P6) purified from the blood of healthy 
individuals (n=6) was performed at once. (b) Representative FACS plots and summarized data showing TGFβ1 
expression on P1-P6 B cell subsets upon 48 hrs CpG-B stimulation. Cells were further stimulated for 5 hrs with 
PMA/ionomycin in the presence of monensin and brefeldin A before staining them with anti-CD19 followed by 
intracellular TGFβ1 staining. Data were obtained from three independent experiments using cells from healthy 
donors (n=6). Error bars represent means ± SD. Statistical significance was tested with  One-Way ANOVA with 
Holm-Sidak's multiple comparisons test . (c) Summarized data showing that blocking TGFβ1 with anti-TGF β1 
antibody results in the recovery of both IFNγ and IL-17 expression by CD4+ T cells.  FACS-sorted P1, P2, and 
P4 B cells were stimulated for 48 hrs with CpG-B, pre-incubated with anti-TGFβ1 or isotypes and then co-
cultured for 4 days with autologous CD4+ T cells stimulated with anti-CD3/anti-CD28 beads. PMA, ionomycin, 
brefeldin A, and monensin cocktails were added 5 hrs before intracellular cytokine staining. Data from three 
independent experiments performed with cells from healthy individuals (n=5). Error bars are mean ± SD. 
Statistical significance was tested with a two-tailed paired t-test.
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Supplementary Fig. 11 TIGIT expression on total CD19+ B cells from the blood and tonsils. 
Frequency of TIGIT+ B cells  in the blood and tonsil  was assessed. Individual dots represent data generated 
with cells from different donors (n=5) in three independent experiments.  Error bars indicate mean ± SD. 
Statistical significance was tested with a two-tailed t-test. 



Supplementary Fig. 12. Gating strategies for TIGIT+ memory and TIGIT- B  cell sorting. Purified 
CD19+ memory B cells were stimulated with CpG-B for 48 hours. Cells were labeled with Live/Dead 
Aqua, anti-CD19, and anti-TIGIT prior sorting.
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Supplementary Fig. 13 TIGIT expressed by memory B cells suppress DC maturation and proinflammatory 
cytokine expression . Representative FACS plots and summarized data showing the suppression of maturation 
markers (a) and proinflammatory cytokines (b) expression  by  DCs. LPS-stimulated MDDCs were cultured with or 
without  TIGIT+ B cells or TIGIT- B cells  in the presence or absence of anti-TIGIT antibody. Fig. a and b, data were 
obtained from four independent experiments using cells from healthy donors (n=4). Error bars are mean ± SD. 
Statistical significance was tested by two-way ANOVA with Sidak's multiple comparisons test.



Supplementary Fig. 14. Gating strategies for naïve CD4+ T cell sorting. (a)  Naïve CD4+ T cells were enriched 
with an enrichment kit. Cells were labeled with  Live/Dead Aqua, anti-CD3, anti-CD8, anti-CD4, anti-CCR7, anti-
CD45RA, and anti-(CD14, CD19, CD56) cocktails prior to cell sorting. 
.
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Supplementary Fig.  15.  P1 TBs in liver (a-c) and kidney allograft recipients (d-e) in Fig. 7. (a) 
Representative FACS plots and summarized data for the frequency of CD24hiCD38hi P1 TBs in the 
blood of DSA+ (n=12) and DSA- (n=19) liver allograft recipients and healthy subjects (n=9). Dots 
represent individual patients. Bars indicate mean ± SD. (b) Correlation between the frequency of P1 
TBs and that of Tregs in the blood of liver transplant patients. (c) Correlation between the frequency 
of P1 TBs and that of TFH cells in the blood of liver transplant patients. (d) Correlation between the 
frequency of P1 TBs and that of Tregs in the blood of renal allograft recipients. (e) Correlation 
between the frequency of P1 TBs and that of Tregs in the blood of renal allograft recipients. 
Individual dots represent data generated with cells from different donors. Pearson's correlation test 
was used.
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Supplementary Fig. 16. Analysis of the frequency of B cell subsets, CD25+CD127lo CD4+ T cells
, and  CXCR5+ICOS+ CD4+ T cells in the blood of healthy subjects. (a) Correlation between the 
frequency of CD25+CD127lo CD4+ T cells and B cell subsets (n=17). (b) Correlation between the 
frequency of CXCR5+ICOS+ CD4+ T cells and B cell subsets (n=17). Individual dots represent data 
generated with cells from different donors. Pearson's correlation test was used.



 

Supplementary Table 1: List of genes related to cell surface markers 

 

 

 

 



 

 

 

 

  

 

 



 

 

 

  

 

 



 



 Supplementary Table 2. Information of liver allograft recipients (N=22) 

 

 

* Patient has two time point samples.  

Cyclo, Cyclosporin; MMF, Mycophenolate mofetil; TAC, tacrolimus; CAM, Campath; ZEN, 
Zenapax; CNI,  Calcineurin inhibitors (Cyclosporin/Neoral/Tac/Generic Tac/TACX);  mTOR, 
Mechanistic target of rapamycin (Sirolimus/Everolimus); RAPA, Rapamycin; PRED, 
Prednisone; MPR, Methylprednisolone, HC, Hydrocortisone. CCC, Cirrhosis Chronic C; PBC, 
Primary Biliary Cirrhosis; LC, Laennec's Cirrhosis; LCPNCTC, Laennec's Cirrhosis & Post 
Necrotic Cirrhosis Type C; CCB, Cirrhosis Chronic B; BAE, Biliary Atresia: Extrahepatic; CC, 
Cirrhosis: Cryptogenic; MD, Metabolic Disease: Wilson'S Disease, Other Copper Disorders, 
PSC, Primary Sclerosing Cholangitis: No Bowel Disease; CALB, Cirrhosis: Autoimmune, 
Lupoid, Banti S; Fhf, fulminant hepatic failure. 

Patient 
ID 

Sex Age Race Diagnosis  Immunosuppression  Sample 
collection 
year after 
post-
transplant 

DSA 
Status 

Rejection 
Status 

1* M 48 White: NS/U CCC cyclo and mmf 2,5 positive No 
2 F 55 White: NS/U PBC tac, mmf, pred 5 negative No 
3* M 58 White: NS/U LC rapa monotherapy 2,5 positive No 
4* M 45 White: NS/U LCPNCTC tac and prednisone 2,5 positive No 
5 M 49 White: NS/U CCB tac monotherapy 2 positive No 
6 M 19 African American BAE tac, mmf, steroids 2 negative No 
7 M 45 Mexican CC tac monotherapy 5 negative No 
8 F 30 African American MD tac, mmf and pred 2 positive Yes 
9 M 55 White: NS/U CC tac and pred 5 positive No 
10 M 45 White: NS/U LCPNCTC tac monotherapy 2 positive No 
11* M 50 Mexican CCC tac and MMF 2,5 positive No 
12 F 57 African American PSC tac, mmf, steroids 2,5 negative No 
13* M 42 White: NS/U Sfhf-Unsp tac and pred 2,5 negative No 
14 M 48 White: NS/U CCC cyclo and MMF 5 positive No 
15* M 52 Mexican LC tac monotherapy 2,5 negative No 
16* M 50 Mexican LCPNCTC cyclo and rapa 2,5 negative No 
17* M 48 White: NS/U CCB cyclo and mmf 2,5 negative No 
18* F 40 White: NS/U CALB tac, rapa, pred 2,5 negative No 
19 M 50 White: NS/U LCPNCTC cyclo monotherapy 5 negative No 
20 M 61 White: NS/U MD rapa and mmf 5 positive No 
21 F 28 White: NS/U Fhf-Tylenol tac, rapa, pred 2 negative Yes 
22 F 42 White: NS/U PBC tac, mmf, and pred 2 negative No 



Supplementary Table 3. Information of renal allograft recipients (N=20) 

 

Patient 
ID 

Sex Age Race Diagnosis  
(Cause of 

ESRD) 

Steroids/ 
Immunosuppression 

Sample 
collection 
year after 

post-
transplant 

DSA 
Status 

Rejection 

1 M 52 European 
Descent 

Membranous Prograf, MMF, Pred 1 Positive 0 

2 M 44 European 
Descent 

DM-2 Prograf, MMF 1 Negative 0 

3 M 43 European 
Descent 

ADPKD Prograf, MMF 1 Negative 0 

4 F 47 European 
Descent 

MPGN Prograf, MMF, Pred 1 Positive 0 

5 M 60 European 
Descent 

membranous Prograf, MMF, Pred 1 Negative 0 

6 F 25 European 
Descent 

immune 
complex 

proliferatitive 
GN 

Prograf, MMF, Pred 1 Negative 0 

7 F 42 European 
Descent 

unknown Prograf, MMF, Pred 1 Negative 0 

8 F 57 European 
Descent 

MPGN type 1 
and DM-2 

Prograf, MMF 1 Negative 0 

9 M 27 European 
Descent 

IgA Prograf, MMF 1 Negative 0 

10 M 43 European 
Descent 

ADPKD Prograf, MMF 1 Negative 0 

11 F 27 European 
Descent 

DM-1 Prograf, MMF, Pred 1 Positive 0 

12 M 44 European 
Descent 

ADPKD Prograf, MMF, Pred 1 Negative 0 

13 M 68 African 
American 

MPGN Prograf, MMF, Pred 1 Negative 0 

14 M 67 European 
Descent 

MPGN type 1 
and DM-2 

Prograf, MMF, Pred 1 Negative 0 

15 M 44 European 
Descent 

DM-1 Prograf, MMF, Pred 1 Negative 0 

16 M 56 White: 
NS/U 

DM-2 Prograf, MMF 1 Positive 0 

17 M 62 European 
Descent 

NSAID, AKI 
in setting of 

prostatectomy 

Prograf, MMF 1 Positive 0 

18 M 40 European 
Descent 

FSGS Prograf, MMF 1 Negative 0 

19 M 63 European 
Descent 

DM-2 Prograf, MMF 1 Negative 0 

20 F 59 European 
Descent 

ADPKD Prograf, MMF 1 Negative 0 



 

Following abbreviations are used: ESRD, end stage of renal diseases; DM-2, ADPKD, 
autosomal dominant polycystic kidney disease, MPGN, membranoproliferative 
glomerulonephritis; DM-1, diabetes mellitus type-1; DM-2, IgA, immunoglobulin A;  AKI, acute 
kidney injury; diabetes mellitus type-2; NSAID, nonsteroidal anti-inflammatory drug; GN, 
glomerulonephritis; FSGS, focal segmental glomerulosclerosis; Prograf, tacrolimus; prednisone; 
MMF, mycophenolate mofeti; NS/U, not specified/unknown; Campath, Alemtuzumab. 
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