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Figure. S1: CD74 is overexpressed in Tregs from different tumor types compared to Tconvs and CD8+ cells. 

A: Single-cell RNA sequencing (scRNAseq) of CD4+ T cells from blood of 5 non-small cell lung cancer (NSCLC) 

patients (from Tosello, Richer et al., under review, accession code EGAS50000000293). Volcano plot (P-value 

versus fold change) of the gene expression profile of Tregs and Tconvs. Genes highlighted in blue are 

overexpressed by peripheral Tregs and highlighted in green by peripheral Tconvs. B: Bulk RNA sequencing 

(bulk-RNAseq) of CD4+ T cells from tumor (5 colorectal carcinoma (CRC) patients from De Simone et al. 

dataset48 (GEO access: GSE50760), and 2 luminal- breast cancer (TNBC) patients from Nunez, Tosello et al. 

dataset (ArrayExpress access: E-MTAB-9112, Núñez, N. G. et al. Tumor invasion in draining lymph nodes is 

associated with Treg accumulation in breast cancer patients. Nat Commun 11, 3272 (2020)). Violin plot of CD74 

normalized expression in Tregs versus Tconvs from tumor samples of CRC patients (left) and TNBC patients 

(right). C: Representative dotplots to illustrate the gating strategy used to distinguish T-cell subsets from total 

cells. D: Representative dotplots (top) and quantification (bottom) of CD74-surface expression among CD8+ 

cells (red), CD4+ Tconvs (green) and Tregs (blue) from blood, tumor-draining lymph node and tumor of paired 

NSCLC patients. E: NSG mice (n=5) were engrafted with 5x106 MDAMB231 cells, and 10 days later, expanded 

Tregs and fresh PBMCs were co-transferred intravenously in tumor-bearing mice. Sixteen days after tumor-cell 

injection, the spleens and tumors were analyzed by FACS. Representative dotplots (left) and quantification (right) 

of CD74-surface expression among CD8+ cells (red), CD4+ Tconvs (green) and Tregs (blue) from spleens and 

tumors of MDA-MB231 tumor-bearing NSG mice. F: Quantification of CD74 surface expression on expanded 

Tregs untreated or stimulated during 72h with IFNα (1000IU/mL, n=5), IFNγ (100ng/mL, n=4) or with tumor-

derived supernatant from the following cell-lines: HCC827 (NSCLC, n=4), MCF-7 (Breast, n=4) or MDA-MB231 

(TNBC, n=4). Statistical analyses are performed using an unpaired t-test; with pVal < **:0,01; ***:0,001 (B) and 

horizontal lines represent median (B and E-F). Source data are provided as Source Data file.
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Figure. S2 : Phenotypic characterization of WT and CD74KO Tregs.

A: Representative dotplots to illustrate the purity of Tregs in CD25 enriched cells (top) or in sorted 

CD4+CD127-CD25hi cells (bottom). B: Quantification of CD74 intracellular expression 5 days after 

electroporation with CRISPR-Cas9 RNPs targeting CD74 exons (n=23). C: Quantification of the 

percentage of positive cells among in WT (blue) or CD74KO (red) Tregs for PD1 (n=14), GITR (n=9), 

CCR8 (n=9), ICOS (n=7), CTLA-4 (n=3), OX40 (n=7), CD25 (n=7), TIGIT (n=9) and HLA-DR (n=20). D: 

Quantification of Foxp3 geometric mean in WT (blue) or CD74KO (red) Tregs (n=13). E: Quantification of 

the geometric mean of the indicated marker in the positive population for this marker among CD74KO 

vs WT Tregs (PD1 (n=13), GITR (n=5), CCR8 (n=5), ICOS (n=5), CTLA-4 (n=3), OX40 (n=5), CD25 (n=7), 

TIGIT (n=5) and HLA-DR (n=13)) Statistical analyses are performed using a paired t-test; with pVal < 

*:0,1; ***:0,001; ****:0,0001. Source data are provided as Source Data file.
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Figure. S3 : Description of T cells in NSG mice transferred with PBMCs alone or together with WT or 

CD74KO expTregs.

A: Representative dotplots to illustrate the gating strategy to identify HLA.A2+ PBMCs from HLA.A2- 

expTregs. B: Quantification of T cell proportions 6 days after injection, in the spleen of mice receiving PBMCs 

alone (gray), together with WT expTregs (blue), or with CD74KO expTregs (red) (2 donors, ○ n=9 or ☐ n=10). 

C: Representative dotplots of Treg-markers’ expression in spleen with concatenated WT and CD74KO 

expTregs from the same donor (concatenation on the similar number of pure Tregs, WT and CD74KO Tregs 

represent each 50%). D: Quantification of the percentage of cells expressing (left) and the geometric mean 

(right) of the marker expression in WT (n=5) and CD74KO (n=5) expTregs. Statistical analyses are performed 

using a paired t-test; with pVal < *:0,1; **:0,01; ****:0,0001 (B and D). Source data are provided as a Source 

Data file.
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Figure. S4 : Repartition of T cells in tumor-bearing mice transferred with PBMCs alone or together with 

WT expTregs or CD74KO expTregs.

MDA-MB231 tumor cells are engrafted subcutaneously in the flank of immunodeficient NSG mice. 10 days 

later, HLA.A2+ PBMCs are injected intravenously alone (gray) or together with WT (blue), or CD74KO (red) 

expanded and then frozen HLA.A2- Tregs, a group of mice is not injected as a control (black). A: Median of 

tumor-growth curves of each group with 2 distinct donors. B: Representative dotplots to illustrate the 

gating strategy to identify HLA.A2+ PBMCs from HLA.A2- expTregs in spleen. C: Ratio of absolute 

numbers of expTregs (HLA.A2-)/PBMCs (HLA.A2+) in the spleen and tumors 6 days after cell injection (WT 

expTregs in blue, n=7 and CD74KO expTregs in red, n=5). D: Representative dotplots of CD25, HLA-DR 

and PD1 surface expression in concatenated samples of WT and CD74KO splenic expTregs (top) and 

quantification of the markers in expTregs, represented as the ratio among CD74KO versus WT expTregs 

(bottom) (n=13). E-F: Quantification of the percentage (top) or the geometric mean level (bottom) of the 

indicated marker among CD74KO vs WT expTregs from spleens (E) and tumors (F) (n=6-7). G: 

Representative FACS dot plots (left) and quantification (right) of % of cells expressing CD74 at the surface 

of CD4+ Foxp3+ Tregs in spleens, livers and tumors from MDA-MB231 tumor-bearing NSG mice. H: 

Quantification of the percentage of the indicated marker among CD74KO vs WT expTregs from spleens, 

livers, and tumors (2 donors, ○ n=5 or ☐ n=7). I: Quantification of Foxp3 geometric mean in WT and 

CD74KO expanded Tregs before injection (n=3). J: Quantification of Foxp3 geometric mean in WT and 

CD74KO Tregs after stimulation with αCD3αCD28 (120h, 1bead:1cell, n=17), PMA-ionomycine (4h, 

100ng/mL-1μg/mL, n=6), IFNα (72h, 1000IU/mL, n=3), IFNγ (72h, 100ng/mL, n=3) or IL-12 (4h, 20ng/mL, 

n=4). Statistical analyses are performed using an unpaired t-test (A-C and E-H); or paired t-test (D-J); with 

pVal < *:0,1; **:0,01; ***:0,001; ****:0,0001. Source data are provided as a Source Data file.
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Figure. S5 : Tumor invasion, MIF independency, velocity and trajectory of WT and CD74KO Tregs.

A: Quantification of WT and CD74KO expTregs in tissue of tumor-bearing mice co-injected with HLA.A2+ 

PBMCs, HLA.A2- WT and -CD74KO expTregs (3 donors, ○ n=3, △ n=5 or ☐ n=6). B-C: Tumor-bearing NSG 

injected with HLA.A2+ PBMCs and HLA.A2- WT expTregs were treated with anti-CD74 (aCD74) i.v. or i.t. C: 

Tumor-infiltrating PBMC-derived Tconvs and expTregs, calculated as ratio of absolute number of tumor-

infiltrating CD4+ T-cells in untreated versus anti-CD74-treated mice (2 donors, ○ n=3 or ☐ n=2). D: FACS-sorted 

Tregs were expanded for 8 days and transduced with a retrovirus containing GFP (WT) or GFP plus with a 23-

aminoacid truncated CD74 mutant to overexpress CD74 at the surface (CD74OE). Representative dot-plots of 

CD74 surface expression 7 days after transduction. E-F: Tumor-bearing NSG received HLA.A2+ PBMCs with WT 

(blue) or CD74OE (green) expanded-HLA.A2- Tregs and analyzed by FACS. Representative dotplots of surface 

CD74 in expTregs (E) and quantification (F, 2 donors, ○ n=3 or △ n=2). G-H: Tumor- bearing NSG mice received 

PBMCs with expTregs and tissues were analyzed by FACS for CD44 and CXCR4 expression in Tregs. 

Representative FACS dotplots (G) and percentages of CD44 (top) and CXCR4 (bottom) co-expression with CD74 

at the surface of expTregs (H, n=6). I: Quantification of Foxp3 geometric mean in WT and CD74KO Tregs after 

in vitro stimulation with MDA-MB231-tumor cell derived supernatant (tuSN) with or without soluble MIF (48h, 

200ng/mL) (n=3). J: Concentration of MIF in supernatant of control or MIF-KO MDA-MB231 cells 4 days after 

CRISPRCas9 deletion. K-N: : MIFKO (n=3) or control (MIF+, n=4) MDA-MB231 tumor-bearing NSG were 

injected with PBMCs, WT expTregs and CD74KO expTregs. Tumor size of MIFKO or ctrl tumors (K). 

Representative dotplots (L), quantification of absolute number of WT (blue) and CD74KO (red) expTregs among 

total expTregs in the MIFKO (orange) or MIF+ ctrl (black) tumor (M), and ratio of absolute number of CD74KO 

expTregs versus WT expTregs in tissues (N). M-N: 2 donors, ○ n=6 or △ n=4.  O-P: WT and CD74KO Tregs from 

3 donors are expanded and activated for 14 days before loading into microchannel or micropillar gels. O: 

Speed according to time of WT and CD74KO Tregs loaded in microchannel gels. P: Individual trajectory of the 

top16 longest paths of WT (blue) and CD74KO (red) Tregs loaded in micropillar gel. Q: Schematic 

representation defining confined versus persistent migration in the 2-dimension migratory model. Statistical 

analyses are performed using an unpaired t-test with pVal < *:0,1; **:0,01; ***:0,001. Source data are provided 

as a Source Data file. Figures S5D, E, G, K were created with BioRender.com.
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Figure. S6 : Transcriptomic analysis of CD74KO and WT Tregs.

FACS sorted Tregs from 3 donors are expanded for 7 days and electroporated with two CRISPR-Cas9 

RNPs targeting CD74 (CD74KO) or one control RNP (WT). Electroporated cells are expanded for 14 days 

and the RNA from WT and CD74KO Tregs are harvested to perform a bulk-RNA sequencing. A: Dotplots 

depicting CD74 expression among the Tregs (WT and CD74KO) used for RNA sequencing. B: 

Visualization of reads aligned on CD74 locus from Hg38 reference genome. C: Volcano plot (Pvalue 

versus fold change) showing the differential gene expression between CD74KO and WT Tregs. On y-axis, 

the dashed lines represent adjusted P value at 0.05 (black) and Pvalue at 0.05 (gray). Upregulated genes 

relative to WT Tregs (downregulated by CD74KO) are colored in blue and upregulated genes relative to 

CD74KO Tregs are colored in red, number of differentially expressed genes (DEGs) are annotated in the 

respective color. D-E: Proportion of the genes associated to biological categories based on the known 

biology of DEGs in WT Tregs (D) or in CD74KO Tregs (E). F: Top25 pathways of the EnrichR analysis 

based on the 148 DEGs upregulated by CD74KO Tregs. G: Volcano plots highlighting the genes 

associated to the pathways indicated in the title from the GSEA library. Source data are provided as a 

Source Data file.
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Figure. S7 : Perturbed cell shape, organelle organization and cell interaction of CD74KO Tregs.

A: Quantification of the length of the spikes surrounding Tregs based on phalloidin staining. B: Confocal 

images showing the localization of DAPI (blue) and Rab6 (cyan) in a z-stack projection of WT and CD74KO 

Tregs. C: Measure of the total volume of Golgi apparatus (left) and of the percentage of volume occupied 

by Golgi apparatus in cells (right), analyzed with the Rab6 staining for Golgi apparatus volume and the 

phalloidin staining for cell volume. D-F: WT and CD74KO Tregs from 3 donors are expanded and 

activated for 14 days before being recorded by holotomography device for 24 hours in a 37°C-5%O2 

incubator. Data are recorded and analyzed by nanolive software. D: Snapshot of the live imaging 

acquired by holotomography of WT and CD74KO Tregs. E-F: Quantification from the holotomography 

imaging of the cell area (E) and the total dry mass (F) of WT and CD74KO Tregs. Statistical analyses are 

performed using an unpaired t-test; with pVal < *:0,1; **:0,01; ***:0,001; ****:0,0001 and horizontal lines 

represent median. A-C: Pooled data of the 3 donors. Source data are provided as a Source Data file.
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Figure.S8: Generation and characterization of Foxp3-specific CD74 conditional knock-out mice 

(CD74cKO mice).

A: CD74flox mice were generated by the insertion of loxP sequences and PCR results illustrate the Wt 

versus mutant alleles in heterozygous (CD74wt/fl) or homozygous (CD74fl/fl) mice. B-C: CD74fl/fl mice 

were crossed with Foxp3eGFP-Cre-ERT2 mice. GFP expression was analyzed in CD4+CD25+ cells as 

markers for Treg in non-fixed blood cells from the resulting offsprings harboring the various possible 

genotypes for the GFP-Cre-ERT2 modification. B: Example of CD4+CD25+ gating strategy and GFP 

expression in Cre-ERT2-/- or -/+ or +/+ by flow cytometry. C: Quantification of % of GFP+ cells in 

CD4+CD25+ cells according to the mice genotypes (n=3 to 6 mice). D-F: Mice were treated by 

tamoxifen to induce the Cre-mediated deletion of CD74 and 4 days after the last injection its efficiency 

was analyzed in the spleen as the % of CD74+ (surface and intracellular) among CD4+Foxp3+ Treg cells, 

CD4+Foxp3- Tconv and CD8+ T cells. Representative dotplots (E) and quantification (F) of CD74 total 

expression among CD4+ Tregs (left), CD4+ Tconvs (middle), and CD8+ cells (right) according to the mice 

genotypes (n=3 to 6 mice). G-H: : CD74ctrl or CD74cKO male mice were treated with tamoxifen (on day 

0, 7 and 14), grafted with murine tumor (MCA or MC38) on day 7 and tissues were analyzed on day 18 by 

flow cytometry. Quantification of CD74 total expression among CD8+ cells, Tconvs (CD4+Foxp3- ) and 

Tregs (CD4+Fopx3+) in MCA-bearing mice (G) and in MC38-bearing mice (H). Statistical analyses are 

performed using an unpaired t-test (F) with pVal < *:0,1; **:0,01; ***:0,001; ****:0,0001 and horizontal 

lines represent median (C and F). Source data are provided as a Source Data file. Figure S8D was created 

with BioRender.com.



Table-S1. List of antibodies and markers used for cytometry and 
immunohistochemistry. 

Figure Marker Fluorochrome 
Staining 

step 
Clone Dilution Provider 

Catalog 

number 

1 & S1 

Live/Dead Aqua Surface  200 Invitrogen L34957 
CD45 APCcy7 Surface 2D1 40 BD 557833 
CD3 BV650 Surface OKT3 50 BioLegend 317324 
CD4 BV786 Surface OKT4 150 Biolegend 317442 

Foxp3 PEcf594 Intracellular 236A/E7 25 BD 563955 
CD74 FITC Surface 5-329 50 Invitrogen 11-0748-41 

CD74 PEvio770 
Surface or 

Intracellular 
5-329 50 Miltenyi 

130-101-
506 

        

2 & S2 

CTV  Cell tracer  1000 Invitrogen C34557 
Live/Dead Aqua Surface  200 Invitrogen L34957 

CD8 PEcf594 Surface RPA-T8 800 BD 562282 

CD4 APC Surface M-T466 50 Miltenyi 
130-113-

250 

CD127 FITC Surface MB15-18C9 50 Miltenyi 
130-113-

409 
CD25 PE Surface M-A251 25 BD 555432 
Foxp3 PEcf594 Intracellular 236A/E7 25 BD 563955 

CD74 PEvio770 Intracellular 5-329 50 Miltenyi 
130-101-

506 
HLADR BUV805 Surface G46-6 100 BD 748338 

PD1 BV711 Surface EH12.2H7 150 Biolegend 329928 
GITR PEcy5 Surface 108-17 50 Biolegend 311608 
CCR8 BUV395 Surface 433H 25 BD 747573 
ICOS BUV496 Surface DX29 100 BD 750321 

OX40 APCVio770 Surface REA621 50 Miltenyi 
130-127-

543 

CTLA4 APC Intracellular REA1003 50 Miltenyi 
130-116-

811 

TIGIT PE Surface REA1004 25 Miltenyi 
130-116-

814 
41BB BV421 Surface 4B4-1 50 BD 564091 

        

3 & S3 

Live/Dead NIR Surface  1000 Invitrogen L10119 
CD4 BV786 Surface OKT4 150 Biolegend 317442 

Foxp3 PEcf594 Intracellular 236A/E7 25 BD 563955 
CD25 FITC Surface M-A251 50 BD 555431 

HLADR BUV805 Surface G46-6 100 BD 748338 
PD1 BV711 Surface EH12.2H7 150 Biolegend 329928 

CD74 PEvio770 Intracellular 5-329 50 Miltenyi 
130-101-

506 
GITR PEcy5 Surface 108-17 50 Biolegend 311608 
CCR8 BUV395 Surface 433H 25 BD 747573 



ICOS BUV496 Surface DX29 100 BD 750321 

OX40 APCVio770 Surface REA621 50 Miltenyi 
130-127-

543 

CTLA4 APC Intracellular REA1003 50 Miltenyi 
130-116-

811 

TIGIT PE Surface REA1004 25 Miltenyi 
130-116-

814 
41BB BV421 Surface 4B4-1 50 BD 564091 

HLAA2 PE Surface BB7.2 50 BD 558570 
CD45 BV605 Surface HI30 100 Invitrogen Q10051 
CD3 BV650 Surface OKT3 50 BioLegend 317324 

        

4 & S4 

Live/Dead NIR Surface  1000 Invitrogen L10119 
Live/Dead Aqua Surface  200 Invitrogen L34957 

CD4 BV786 Surface OKT4 150 Biolegend 317442 
Foxp3 PEcf594 Intracellular 236A/E7 25 BD 563955 
CD25 FITC Surface M-A251 50 BD 555431 
PD1 BV711 Surface EH12.2H7 150 Biolegend 329928 

CD74 PEvio770 Intracellular 5-329 50 Miltenyi 
130-101-

506 

CD74 APCvio770 Intracellular 5-329 50 Miltenyi 
130-101-

534 
CD45 BV605 Surface HI30 100 Invitrogen Q10051 

HLAA2 PE Surface BB7.2 50 BD 558570 
CD4 BV786 Surface OKT4 150 Biolegend 317442 

Foxp3 PEcf594 Intracellular 236A/E7 25 BD 563955 
HLADR BUV805 Surface G46-6 100 BD 748338 

PD1 BV711 Surface EH12.2H7 150 Biolegend 329928 
GITR PEcy5 Surface 108-17 50 Biolegend 311608 
CCR8 BUV395 Surface 433H 25 BD 747573 
ICOS BUV496 Surface DX29 100 BD 750321 

OX40 APCcy7 Surface REA621 50 Miltenyi 
130-127-

543 

CTLA4 APC Intracellular REA1003 50 Miltenyi 
130-116-

811 
41BB BV421 Surface 4B4-1 50 BD 564091 
IFNg V450 Intracellular B27 50 BD 560371 

Caspase-3 PEcy7 Intracelluar D3E9 50 cell signaling 64772S 
        

5 & S5 

CTV  Cell tracer  1000 Invitrogen C34557 
CFSE  Cell tracer  5000 Invitrogen C34554 

Live/Dead NIR Surface  200 Invitrogen L10119 
CD4 BV786 Surface OKT4 150 Biolegend 317442 
CD45 BV605 Surface HI30 100 Invitrogen Q10051 
Foxp3 PEcf594 Intracellular 236A/E7 25 BD 563955 

CD74 PEvio770 Surface 5-329 50 Miltenyi 
130-101-

506 



CD44 VioBlue Surface DB105 50 Miltenyi 
130-113-

899 

CXCR4 APC Surface 12G5 25 Miltenyi 
130-124-

017 
        

7 & S8 

CD45.1 AF700 Surface A20 200 BioLegend 110724 

CD45.2 APCcy7 Surface 104 150 BioLegend 109824 
TCRb FITC Surface H57-597 400 BD 553171 
CD19 BV650 Surface 6D5 1600 BioLegend 115541 
CD4 BUV737 Surface RM4-5 400 BD 564933 
CD8 BUV385 Surface 53-6.7 200 BD 563786 
CD25 PEcy5 Surface PC61.5 800 eBioscience 15-0251-82 
Foxp3 PE Intracellular FJK-16s 200 eBioscience 12-5773-82 
CD74 AF647 Intracellular In1/CD74 300 BioLegend 151004 

        

 

Figure Marker Fluorochrome Clone 
 

Provider 
Catalog 

number 

2, 6 & 
S7 

CD74 FITC 5-329 50 Invitrogen 11-0748-41 

HLA-DR BV711 L243 100 Biolegend 307644 

Phalloidin AF546 - 
100 Thermo 

Fisher 
A22283 

EEA1 - CA5810 
100 Cell 

Signalling 
3288S 

Rab6 - D37C7 
100 Cell 

Signalling 
9625S 

Anti-rabbit AF568 polyclonal 
200 

 
Thermo 
Fisher 

A11011 

Anti-rabbit AF647 polyclonal 
200 Thermo 

Fisher 
A21245 

 

 

  



 

 

Table-S2. Description of the different stimulation implement to challenge Tregs. 

Stimulation Final concentration 
Time of  

activation 
Provider 

Catalog  
number 

Phorbol  
12-myristate  
13-acetate  

(PMA) 

100ng/mL 4h Sigma Aldrich P8139-1MG 

Ionomycine  
calcium salt 

1µg/mL 4h Sigma Aldrich I0634 - 1MG 

Golgi Stop 1:1500 1h BD bioscience 554724 

Golgi Plug 1:1000 1h BD bioscience 555029 

Interferon-a 1000IU/mL 72h Immunotools 11343594 

Interferon-g 100ng/mL 72h Miltenyi 130-096-484 

Interleukine-12 20ng/mL 4h Immunotools 11349123 

 

 


