
0 100 101 102 103 104-100

0

100

101

102

103

-100

C
D
8

CD4.1

0 101 102 103 104-101-102-103
0

101

102

103

104

C
D
69
.1

CD4.1

0 100 101 102 103-100-101-102
0

101

102

103

104

C
D
69
.1

CD8

c

b

a

Straight from blood 
CD3+ enrichment

CITE-seq antibodies
Fluorochrome conjugated antibodies

Cell sorting: 
DAPI- CD4+ CD45RO+ and
DAPI- CD8+ CD45RO+

10X genomics pipeline

Living sorted CD4+ and 
CD8+ memory T cells mix 
1:1 ratioData analysis in R Studio

Blood and bone 
marrow from the same 
donor

Supplementary Figure 1 

Supplementary Figure 1. Isolation and purification of memory T cells. (a) Visual 
scheme of the isolation process. (b) Gating strategy for fluorescence activated 
cell sorting on DAPI-/CD4+ or CD8+/CD45RO+(55). (c) Manual gating strategy 
based on sequencing data for annotation of (left) CD8+ or CD4+ followed by 
(center) CD4+/CD69+ or CD69- and (right) CD8+/CD69+ or CD69- populations 
for separation of the data for further analysis.
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Supplementary Figure 2 

Supplementary Figure 2. Histograms comparing the number of observed 
overlapping clonotypes to the overlap of (1000x) random reshuffling of TCR 
clonotypes of all donors. Donor 1 upper panels, Donor 2 middle panels and 
Donor 3 lower panels. The populations analyzed are indicated on each plot. The 
observed overlap is indicated by a black line and red number. The bar histogram 
indicates the random overlaps. The p value indicates the probability that 
observed and random overlap are the same.



0 TCM 
1 TEM

2 TH1

3 TH17

4 TPD-1 

5 MUCTM 

6 REGTM 

7 TH17-BM

8 TFH-BM

9 TSLEEP 

10
11

cit
e_

CC
R5

.1
cit

e_
CC

R7
.1

cit
e_

CX
CR

3.
1

cit
e_

CX
CR

4.
1

cit
e_

CD
8

cit
e_

CD
49

d
cit

e_
CD

62
L

cit
e_

CD
27

9
cit

e_
CD

4.
1

cit
e_

TC
Rg

d
cit

e_
CD

25
cit

e_
HL

AD
R

cit
e_

CD
69

.1
cit

e_
CD

12
7

cit
e_

In
te

gr
in

Be
ta

7
cit

e_
CD

57
cit

e_
CC

R4
.1

cit
e_

Fa
s

cit
e_

CX
CR

5.
1

cit
e_

CD
28

.1
cit

e_
CD

73
cit

e_
LA

M
P1

.1
cit

e_
CD

15
4

cit
e_

CD
86

.1
cit

e_
CD

10
3

cit
e_

CD
45

RA
cit

e_
CD

45
RO

cit
e_

CC
R6

.1

Features

Cl
us

te
r

Percent Expressed
40
60
80
100

Average Expression

-2
-1
0
1
2

0 TCM CD69- TBL

0 TCM CD69- TBM

0 TCM CD69+ TBM

1 TEM CD69- TBL

1 TEM CD69- TBM

1 TEM CD69+ TBM

10 CD69- TBL

10 CD69- TBM

10 CD69+ TBM

11 CD69- TBL

11 CD69- TBM

2 TH1CD69- TBL

2 TH1CD69- TBM

2 TH1CD69+ TBM

3 TH17CD69- TBL

3 TH17CD69- TBM

3 TH17CD69+ TBM

4 TPD-1 CD69- TBL

4 TPD-1 CD69- TBM

4 TPD-1 CD69+ TBM

5 MUCTM CD69- TBL

5 MUCTM CD69- TBM

5 MUCTM CD69+ TBM

6 REGTM CD69- TBL

6 REGTM CD69- TBM

6 REGTM CD69+ TBM

7 TH17-BM CD69- TBL

7 TH17-BM CD69- TBM

7 TH17-BM CD69+ TBM

8 TFH-BM CD69- TBL

8 TFH-BM CD69- TBM

8 TFH-BM CD69+ TBM

9 TSLEEP CD69- TBL

9 TSLEEP CD69- TBM

9 TSLEEP CD69+ TBM

cit
e_

HL
AD

R
cit

e_
CD

69
.1

cit
e_

CC
R5

.1
cit

e_
CX

CR
4.

1
cit

e_
CD

8
cit

e_
CD

62
L

cit
e_

CD
27

9
cit

e_
CD

4.
1

cit
e_

CC
R7

.1
cit

e_
CD

49
d

cit
e_

CC
R4

.1
cit

e_
CD

25
cit

e_
TC

Rg
d

cit
e_

CX
CR

3.
1

cit
e_

CD
57

cit
e_

CD
12

7
cit

e_
CX

CR
5.

1
cit

e_
In

te
gr

in
Be

ta
7

cit
e_

CD
86

.1
cit

e_
Fa

s
cit

e_
CD

45
RO

cit
e_

CD
45

RA
cit

e_
CD

10
3

cit
e_

CC
R6

.1
cit

e_
CD

28
.1

cit
e_

CD
15

4
cit

e_
CD

73
cit

e_
LA

M
P1

.1

Features

Cl
us

te
r

Average Expression

-2
-1
0
1
2

Percent Expressed
0
25
50
75
100

a

b

Supplementary Figure 3



c

d

0TCM

1TEM

2TPD-1/GMZ

3THLA-DR/TIGIT

4TC2 

5TC1 

6THOBIT/KLF6

7TPD1-BM 

8 TPD4-BM

9 TQ-BM

10
11

cit
e_

CD
25

cit
e_

CC
R7

.1
cit

e_
CX

CR
4.

1
cit

e_
CD

8
cit

e_
TC

Rg
d

cit
e_

CD
4.

1
cit

e_
CC

R6
.1

cit
e_

LA
M

P1
.1

cit
e_

CD
27

9
cit

e_
CD

28
.1

cit
e_

CC
R4

.1
cit

e_
CX

CR
3.

1
cit

e_
CD

62
L

cit
e_

CD
49

d
cit

e_
CD

73
cit

e_
CX

CR
5.

1
cit

e_
CD

12
7

cit
e_

CD
15

4
cit

e_
Fa

s
cit

e_
CD

45
RO

cit
e_

CD
10

3
cit

e_
CC

R5
.1

cit
e_

CD
86

.1
cit

e_
In

te
gr

in
Be

ta
7

cit
e_

HL
AD

R
cit

e_
CD

45
RA

cit
e_

CD
57

cit
e_

CD
69

.1

Features

Cl
us

te
r

Average Expression

-2
-1
0
1
2

Percent Expressed
25
50
75
100

0 TCMCD69- TBL

0 TCMCD69- TBM

0 TCMCD69+ TBM

1 TEMCD69- TBL

1 TEMCD69- TBM

1 TEMCD69+ TBM

10 CD69- TBL

10 CD69- TBM

10 CD69+ TBM

11 CD69- TBL

11 CD69- TBM

11 CD69+ TBM

2 TPD-1/GMZCD69- TBL

2 TPD-1/GMZCD69- TBM

2 TPD-1/GMZCD69+ TBM

3 THLA-DR/TIGITCD69- TBL

3 THLA-DR/TIGITCD69- TBM

3 THLA-DR/TIGITCD69+ TBM

4 TC2 CD69- TBL

4 TC2 CD69- TBM

4 TC2 CD69+ TBM

5 TC1 CD69- TBL

5 TC1 CD69- TBM

5 TC1 CD69+ TBM

6 THOBIT/KLF6 CD69- TBL

6 THOBIT/KLF6 CD69- TBM

6 THOBIT/KLF6 CD69+ TBM

7 TPD1-BM CD69- TBL

7 TPD1-BM CD69- TBM

7 TPD1-BM CD69+ TBM

8 TPD4-BM CD69- TBL

8 TPD4-BM CD69- TBM

8 TPD4-BM CD69+ TBM

9 TQ-BM CD69- TBL

9 TQ-BM CD69- TBM

9 TQ-BM CD69+ TBM

cit
e_

CX
CR

3.
1

cit
e_

TC
Rg

d
cit

e_
CD

8
cit

e_
LA

M
P1

.1
cit

e_
CD

4.
1

cit
e_

CX
CR

4.
1

cit
e_

CD
69

.1
cit

e_
HL

AD
R

cit
e_

CD
25

cit
e_

CC
R7

.1
cit

e_
CD

28
.1

cit
e_

CC
R6

.1
cit

e_
CD

49
d

cit
e_

CD
86

.1
cit

e_
CD

15
4

cit
e_

CC
R4

.1
cit

e_
CD

73
cit

e_
CX

CR
5.

1
cit

e_
Fa

s
cit

e_
CD

45
RO

cit
e_

CD
10

3
cit

e_
CD

57
cit

e_
CC

R5
.1

cit
e_

In
te

gr
in

Be
ta

7
cit

e_
CD

62
L

cit
e_

CD
27

9
cit

e_
CD

12
7

cit
e_

CD
45

RA

Features

Cl
us

te
r

Average Expression

-2
-1
0
1
2

Percent Expressed
0
25
50
75
100

Supplementary Figure 3

Supplementary Figure 3. CITE-seq antibody differential expression. (a) 
Differential expression of CITE-seq antibodies by cluster of CD4+ Tm. (b) 
Differential expression of CITE-seq antibodies by cluster and tissue of origin of 
CD4+ Tm. (c) Differential expression of CITE-seq antibodies by cluster of CD8+ 
Tm. (d) Differential expression of CITE-seq antibodies by cluster and tissue of 
origin of CD8+ Tm.
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Supplementary Figure 4

Supplementary Figure 4. Clonal space of CD4+ and CD8+ memory T cells. Abundance of 
each TCR is shown in the donut plots by color and proportional width according to the size 
of the clone in relation to the total TCRs. (a) CD4+ and (b) CD8+  TCR clonal spaces of the 
each donor (upper panels), followed by clonal spaces according to tissue origin. 2nd raw 
corresponds to blood, third raw to CD69- cells from the bone marrow and fourth raw to 
CD69+ cells from the bone marrow. D1-D3 corresponds to the donor ID, BLn corresponds to 
TBL, BMn to CD69- TBM and BMp to CD69+ TBM.



a

Supplementary Figure 5 



b

Supplementary Figure 5 

Supplementary Figure 5. Gene set enrichment analysis of Tr1-like cells. (a-b) 
UMAPs separated by cluster (first number in the panel title), tissue origin (blood 
and bone marrow (BM)) and CD69 cell surface expression(CD69+ as CD69p and 
CD69- as CD69n). CD4p corresponds to CD4+ cells, CD8p to CD8+ cells. 
Methods for the gene sets are reported elsewhere(36) and the genes for the gene 
set were defined according the gene list of Tr1-like cells in other publication(25).  



surface CD69- surface CD69+ 
0

1

2

3

4

5

In
tra

ce
llu

la
r e

xp
re

ss
io

n
of

 C
D

69
 (
Δ

M
FI

)

CD4+ CD45RO+ cells

CD8+ CD45RO+ cells

CD45RO- cells

Lymphocytes
32,1

0 200 400 600 800 1,0K

FSC-A :: FSC-A

0

200

400

600

800

1,0K

SS
C-

A 
:: S

SC
-A

ES2025-02-03full_apccy7_BM_C.0001.mqd
Ungated
349180

Single Cells
99,8

0 200 400 600 800 1,0K

FSC-A :: FSC-A

0

200

400

600

800

1,0K

FS
C-

H
 :: 

FS
C-

H

ES2025-02-03full_apccy7_BM_C.0001.mqd
Lymphocytes
112203

CD45RO+
19,8

CD45RO-
78,6

0 10
1

10
2

10
3

Comp-FL5-A :: CD45RO-BV650-A

0

10
1

10
2

10
3

Co
m

p-
FL

1-
A 

:: Z
om

bi
eV

io
le

t-A

ES2025-02-03full_apccy7_BM_C.0001.mqd
Single Cells
111929

CD4+ Tm
45,0

CD4+ Tm-1
45,0

CD8+ Tm
39,2

CD8+ Tm-1
39,2

0 10
1

10
2

10
3

Comp-FL7-A :: CD4-PE-A

0

10
1

10
2

10
3

Co
m

p-
FL

2-
A 

:: C
D

8-
Vi

oG
re

en
-A

ES2025-02-03full_apccy7_BM_C.0001.mqd
CD45RO+
22169

CD4+ sCD69+
13,3

CD4+ sCD69-
86,7

0 10
1

10
2

Comp-FL14-A :: iCD69-APC-Vio770-A

0

-10
1

10
1

10
2

Co
m

p-
FL

12
-A

 :: 
sC

D
69

-A
PC

-A

ES2025-02-03full_apccy7_BM_C.0001.mqd
CD4+ Tm-1
9986

CD8+ sCD69+
55,2

CD8+ sCD69-
44,7

0 10
1

10
2

Comp-FL14-A :: iCD69-APC-Vio770-A

0

-10
1

10
1

10
2

Co
m

p-
FL

12
-A

 :: 
sC

D
69

-A
PC

-A
ES2025-02-03full_apccy7_BM_C.0001.mqd
CD8+ Tm-1
8685

sCD69+
4,29

sCD69-
95,7

0 10
1

10
2

Comp-FL14-A :: iCD69-APC-Vio770-A

0

-10
1

10
1

10
2

Co
m

p-
FL

12
-A

 :: 
sC

D
69

-A
PC

-A

ES2025-02-03full_apccy7_BM_C.0001.mqd
CD45RO-
87928

a

b

Supplementary Figure 6 

Supplementary Figure 6. Intracellular expression of CD69 protein in surface 
CD69+ and surface CD69- TBM. Cells were stained for surface CD69, then 
permeabilized or not with saponin, and stained for intracellular CD69. (a) the 
gating strategy for CD4+ and CD8+ CD45RO+ memory T cells and CD45RO- 
cells, expressing surface CD69 or not. (b) intracellular staining for CD69 of 
permeabilized versus non-permeablized cells as difference in mean 
fluorescence intensities (ΔMFI), and compared for surface CD69+ and surface 
CD69- cells.



SUPLEMENTARY INFORMATION 
 
SUPLEMENTARY FIGURES 
Supplementary Figure 1. Isolation and purification of memory T cells.  
Supplementary Figure 2. Histograms comparing the number of observed overlapping 
clonotypes to the overlap of (1000x) random reshuffling of TCR clonotypes of all 
donors.  
Supplementary Figure 3. CITE-seq antibody differential expression 
Supplementary Figure 4. Clonal space of CD4+ and CD8+ memory T cells.  
Supplementary Figure 5. Gene set enrichment analysis of Tr1-like cells. 
Supplementary Figure 6. Intracellular expression of CD69 protein in surface CD69+ 
and surface CD69- TBM.  
 
SUPLEMENTARY TABLES 
Supplementary Table 1. List of patients data 
Supplementary Table 2. Antibody List 
Supplementary Table 3. Tables of the difference between observed overlap and 
random overlap for each tissue per cluster.  
 
SUPLEMENTARY DATA 
 
Supplementary Data 1. Differential gene expression for each cluster. (a) CD4+ memory 
T cell data, in first tab, data obtained by considering min.pct as 0.5 and log2FC as 0.25; 
second tab min.pct= 0.1 and log2FC=0.3. (b) CD8+ memory T cell data, in first tab, 
data obtained by considering min.pct as 0.5 and log2FC as 0.25; second tab min.pct= 
0.1 and log2FC=0.3. 

 
Supplementary Data 2. Overlaps of TCR repertoires from different tissues within 
clusters by donors. Histograms for each cluster and donor, comparing the number of 
observed overlapping clonotypes to the overlap of (1000x) random reshuffling of TCR 
clonotypes for TBL and CD69- TBM, TBL and CD69+ TBM, CD69+ TBM and CD69- TBM, 
and the overlap of these three compartments together. The observed overlap is 
indicated by a black line and red number. The bar histogram indicates the random 
overlaps. The p value indicates the probability that observed and random overlap are 
the same. (a,b) CD4+ and CD8+ memory T cell data, where each tab corresponds to 
each donor. Data from the histograms is summarized in the shown matrix.   
 
Supplementary Data 3. Differential gene expression within clusters by tissue origin. 
Tables with differentially expressed genes supporting volcano plots from Fig. 3. 
Obtained as described in the legend of Figure 3. Each tab contains the data of the 
volcanos from a to j.  
 
 


