
Supplementary information   

Targeting Cbx3/HP1g Induces LEF-1 and IL-21R to Promote Tumor-

Infiltrating CD8 T-Cell Persistence  
Phuong T. Le, Ngoc Ha, Ngan K. Tran, Andrew G. Newman, Katharine M. Esselen, John L. 

Dalrymple, Eva M. Schmelz, Avinash Bhandoola, Hai-Hui Xue, Prim B. Singh, and To-Ha Thai 

 



Extended Data Table 1. ChIP-Seq analysis. Regions within Lef1 and Il21r loci bound by 
Cbx3/HP1g in wild type mouse CD8+ T cells activated/differentiated for 5 days with plate-bound 
anti-CD3/CD28 + 10 IU hrIL-2  
 

Chr Start End Gene List Dist to Start Position 
3 131,105,000 131,108,199 Lef1 -3,872 upstream 
3 131,109,000 131,127,399 Lef1 7,728 in gene 
3 131,132,200 131,135,399 Lef1 23,328 in gene 
3 131,136,400 131,140,599 Lef1 28,028 in gene 
3 131,154,600 131,163,199 Lef1 48,428 in gene 
3 131,174,400 131,180,399 Lef1 66,928 in gene 
3 131,205,800 131,209,199 Lef1 97,028 in gene 
3 131,214,600 131,216,999 Lef1 105,328 in gene 
      

7 125,567,200 125,611,599 Il21r -14030 upstream 
7 125,616,200 125,624,399 Il21r 16,870 in gene 
7 125,625,200 125,641,399 Il21r 29870 in gene 
      

Upstream: upstream of transcription start site (TSS) 
 



Extended Data Table 2. Primer sequences for qPCR 

Genes Forward Reverse 
Gzmb ACTGCTGCTCACTGTGAAGG CACAGCTCTAGTCCTCTTGG 
Prf1 TCCAAGGTAGCCAATTTTGC GAGGAGATGAGCCTGTGGTA 
Ifng GCACAGTCATTGAAAGCCTA GAAAGAGATAATCTGGCTCT 
Il21r GCAGCTTTGTCCTGGCTGAG CACAGCATAGGGGTCTCTGAG 
Ccl2 CCGGCTGGAGCATCCACGTGTTG GACACCTGCTGCTGGTGATCCTC 
Ccr2 ATGGCGCAAGGCTATTTG GGATACTTCGTGTAAATAGAG 
Cxcl9 CCCTAGTGATAAGGAATGCAC GGATCTAGGCAGGTTTGATC 
Cxcl10 CCCAAGTGCTGCCGTCATTTTC CAGGATAGGCTCGCAGGGATG 
Cxcr3 CCTACGATTATGGGGAAAAC CTCAGTAGCACAGCAGCCAC 
Ccl28 GCTCACACTCATGGCTGTGGCTG CTGCATGAACTCACTCTTTCCAG 
Ccr10 GCAGGTCTCCTGGGGACTTTAC CAGGGAGACACTGGGTTGGAAGG 
Cxcl12 ATCGCCAGAGCCAACGTCAAG CGGTCCATCGGCAGGAAGCG 
Cxcr4 CGGACAAGTACCGGCTGCAC CTGCTGTAGAGGTTGACAGTG 

                    



Extended Data Table 3. Primer sequences for ChIP-qPCR 

Genes Forward Reverse 
Lef1   
-2 GACCAACCACGTCCTATGCAG GTCAGCATTTAAAACTTTGC 
-1 GTCGCCCTTAAAAGTCCTGTC AGGCAGGCAGCACTGGGCAG 
TSS CTAATTCTCGCCTTATTCCCTC GTCCTTTGCCAGTCTTTCTTC 
+1 CTCATCATCACAAACTTTATTC CGGGCTGCAGACGTCCGCGTTAG 
+2 CTGGCAGCCTAGCCTAGTGC GCAGGAGCCTCTGCGATTGC 
+3 GTGCGCACGTGTGTGAGCAG TTTTAATGCACCGCGTCCCTC 
+4 GTTGGGATCAGGCCCTGGATC GTGTCTCTATTTACTCTACTC 
+5 CTCTGGTGGTTTTTTATTTTTG CAGTCTCCTAAGCATGGCTT 
+6 CCCCTGATCGCCTAGTATATTTAG CTGACATTTCAAAATGGTGC 
+7 AGAAGCCTTTCATTTTTAACC GAGGCTGCCTTCCTTCCGG 
+8 GGAGATGCGCAAGCCTGC GGCTTTGGTGTTTGTTGTTG 
+9 CACACACACACCGTTCTCAA CCTCAGCCACCAACCCTTG 
+10 CACCGTCGCAGCCATTTCTC GGTTTTTGAAATTAACTGCG 
+11 CCAGTGTCAGTGAGATTTAG GAAAGGAGAATCTGGAAGG 
+12 GTTTCCCAGAGAAGCCCGTG GTTCAGATTGGGAGAGGGAC 
 
Il21r   
-4 CAGGAGGAGGGGCAAGTGCA AGTCTTGGTTATCACACCAG 
-3 AGAGTTGAGCAGAAAGACAC ATTAATGACATGAGAGGGCA 
-2 TTTGAAGACCCAGTAGGAGG TTGCTCTGGCTCCAGACACA 
-1 GTCAAGAACATGCCACCCTGC TGGGCTGACTAGTTTGGGGC 
TSS AATCACTCTCCACCTTACGT AGAAACCCCACCCCCATGGC 
+1 CAGTAACGCCTCATTTCTCC AACTCCTGTCATATGTTGCA 
+2 ACTTACTTGGAATGTGAAGG GATGGCTATAAATGTCTCCT 
+3 GGAGACTTCAGTTGTGACTT TCTCAATGGCACGCAGAGCG 
+4 ACAGTGGAGCCCAGAGCAGC GGATGTGCTAACACACAACC 

 



















Extended Data Figure Legends 

Extended Data Figure 1. Cbx3/HP1g deficiency modulates LEF-1 and IL-21R expression in 

CD8+ effector T cells. a, Cre activity (EGFP+) was tracked in spleen CD8+CD4– T cells from a 

the reporter mouse ROSA-EGFP,CD8a-Cre mouse. b, Western immunoblot of was done to detect 

total (tHP1g) and phosphorylated (pHP1g) Cbx3/HP1g in day 5 differentiated spleen and peripheral 

lymph node (pLN) CD8+ T cells using plate-bound anti-CD3/CD28 + IL-2 (10 IU/ml). Cbx3fl/+ 

and Cbx3fl/fl: CD8+ T-cell-restricted deletion of Cbx3/HP1g in mice using the CD8a-Cre strain; 

collectively designated as Cbx3/HP1g-deficient mice. Representative of 3 experiments; purified 

CD8+ T cells from pooled spleens and pLNs; n = 3 mice for each genotype. c, Western immunoblot 

showed LEF-1 expression in thymocytes from control and Cbx3/HP1g-deficient mice. d, 

Histograms detecting IL-21R expression on thymocytes from control and Cbx3/HP1g-deficient 

mice. e, Relative expression of Bcl6, Eomes and Tbx21 was assessed by RT-qPCR using RNA 

samples of day 5 differentiated CD8+ T cells. Unit 1 indicates no change; n = 3. f, Western 

immunoblot showing EOMES expression in same cells as (b). g, Relative expression of Gzmb, 

Prf1 and Ifng was measured by RT-qPCR using same RNA samples as in (e). h, Western 

immunoblot was done to detect cleaved (activated) caspase 3 (CC3) in protein lysate of washed 

cells 24 hours after coculture using an antibody specific to CC3 that does not recognize total 

caspase 3. CD8:target = CD8+ effector T cells cocultured with target; control: CD8a-Cre; Cbx3fl/+: 

CD8-restricted deletion of Cbx3/HP1g with the CD8a-Cre mouse. CD4:target =  day 2 activated 

CD4+ T cells from control (CD4-Cre) or Cbx3fl/fl mice cocultured with target; Cbx3fl/fl: CD4-

restricted deletion of Cbx3/HP1g with the CD4-Cre mouse. Target: B16 melanoma tumor cells. 

1:1 = 1 effector cell to 1 target cell; 5:1 = 5 effector cells to one target cell. Un: no added effector 

cells. 

Extended Data Figure 2. Cbx3/HP1g-deficient CD8+ effector T cells can persist and cause 

tumor rejection. a, Representative images showed ovarian ascites in control and Cbx3/HP1g-

deficient mice injected (IP) with the syngeneic mouse ID8 cell line; control: CD8a-Cre; Cbx3fl/+ 

and Cbx3fl/fl: Cbx3/HP1g-deficient mice; yellow outlines: tumor nodules. b, Graphs showed ascites 

volume in control and Cbx3/HP1g-deficient mice injected (IP) with the syngeneic mouse ovarian 

tumor cell line MOSE-LTICv; control: CD8a-Cre; Cbx3fl/fl: Cbx3/HP1g-deficient mice; Graphpad 

student unpaired t-test; *p£0.05; n = 5-10. c,e,g, FACS analysis was done to evaluate the 



frequencies of CD8+NKG2D+ effector T cells in ovarian ascites (a), B16 (e) and NBL (g) tumors 

from control (CD8a-Cre or wt), Cbx3Tg, Cbx3fl/+ and Cbx3fl/fl mice; Cbx3Tg: T-cell-restricted 

expression of Cbx3/HP1g driven by the human Cd2 promoter. d,f,h, FACS analysis of 

CD4+FOXP3+ regulatory T cells (Tregs) in ovarian ascites (d), B16 (f) and NBL (h) tumors from 

control (CD8a-Cre or wt), Cbx3Tg, Cbx3fl/+ and Cbx3fl/fl mice. 

Extended Data Figure 3. Cbx3/HP1g-deficient CD8+ effector T cells are exclusively enriched 

in tumors. a, Schematic of adoptive T-cell transfer; control: CD8a-Cre. b, 10 days after 

implantation of B16 tumor cells, B6.SJL recipients (CD45.1+) were treated once with exogenous 

CD8+ effector T cells (CD45.2+, pooled of 3 donors); bars: group median; Graphpad unpaired 

student t-test: *p£0.05, **p£0.01; each symbol = one mouse; n = 4-5 recipients. c, 14 days after 

implantation of N-9464 tumor cells, B6.SJL recipients were treated once with exogenous CD8+ 

effector T cells; Graphpad two-way ANOVA: ****p£0.0001; n = 5 recipients for each donor. d, 

Frequencies of donor and recipient CD8+ effector T cells in B16 melanoma tumors were evaluated 

after adoptive transfer; data were extracted from FACS analysis; light bars: exogenous CD8+ 

effector T cells (CD45.2+); dark bars: endogenous CD8+ effector T cells (CD45.1+); bars: group 

median; Graphpad unpaired student t-test: *p£0.05, **p£0.01, ns: not significant. e,f, Frequencies 

of donor CD4+CD45.2+ T cells in B16 melanoma tumors (e) and spleens (f) from recipients were 

determined; data extracted from FACS analysis; Bars: group median. g,h, Frequencies of donor 

NK1.1+CD45.2+ T cells in B16 tumors (g) and spleens (h) from B6.SJL recipients.  

Extended Data Figure 4. NKG2D blockade causes a reduction of CD8+NKG2D+ T cells. a, 

B16 melanoma tumor burden was assessed after NKG2D blockade using the anti-mouse NKG2D 

antibody HMG2D; Graphpad two-way ANOVA: ****p£0.0001; Cbx3fl/fl-NKG2D TX: Cbx3fl/fl 

mice injected with HMG2D or PBS one day after injection of tumor cells; n = 5 received Ab, 10 

received PBS. b, Survival curves of B16 tumor-bearing mice after NKG2D blockade. c, NBL 

tumor burden was evaluated after NKG2D blockade; Graphpad two-way ANOVA: **p£0.01; n = 

4 received Ab, 10 received PBS. d, Survival curves of NBL tumor-bearing mice after NKG2D 

blockade. e,f, FACS analysis and quantification were performed to determine the frequencies of 

CD8+NKG2D+ T cells in B16 melanoma tumors; bars: group median; Graphpad student unpaired 

t-test: **p£0.01; Cbx3fl/fl-NKG2D TX: Cbx3/HP1g-deficient mice treated with HMG2D; CD8a-



Cre and Cbx3/HP1g-deficient: mice treated with PBS. g,h, Frequencies of CD4+NKG2D+ (g) 

NK1.1+NKG2D+ (h) T cells in B16 melanoma tumors from HMG2D and PBS treated mice. 

Extended Data Figure 5. There is no enrichment of CD4+NKG2D+ or NK1.1+NKG2D+ T cells 

in tumors. a,c,e, Frequencies of CD4+NKG2D+ T cells in ovarian ascites (a), B16 (c) and NBL 

(e) tumors were quantified using data extracted from FACS analysis. b,d,f, Frequencies of 

NK1.1+NKG2D+ T cells in ovarian ascites (b), B16 (d) and NBL (f) tumors were quantified. Bars: 

group median; Graphpad unpaired student t-test; ns, not significant; Each symbol = one mouse; n 

= 2-8. 

Extended Data Figure 6. Tumors from Cbx3/HP1g-deficient mice exhibit elevated Prf1, Gzmb 

and Ifng expression. a,b,c, Ifng, Gzmb and Prf1 relative expression was determined by RT-qPCR 

using RNA from B16 melanoma tumors normalized to Gapdh; Graphpad unpaired student t-test: 

*p£0.05, **p£0.01, n = 4 tumors from each mouse strain; representative of 4 experiments. d,e,f, 

Relative expression of Ifng, Gzmb and Prf1 in NBL tumors normalized to Gapdh; Graphpad 

unpaired student t-test: *p£0.05, **p£0.01, ***p£0.001; n = 3 tumors from each mouse strain; 

representative of 3 experiments. g, B16 melanoma tumor growth in Cbx3fl/fl,Prf1-/- (Cbx3/HP1g-

deficient mice lacking Prf1), Cbx3fl/fl (Cbx3/HP1g-deficient) and control (CD8a-Cre and wt) mice 

was evaluated; Graphpad two-way ANOVA; ****p£0.0001; n = 6 for each genotype. h, Apoptotic 

cells (brown) were visualized by TUNEL staining of B16 melanoma tumor sections from mice in 

(g). i, NBL tumor growth was measured in Cbx3fl/fl,Ifng-/- (Cbx3/HP1g-deficient mice lacking Ifng), 

Cbx3fl/fl (Cbx3/HP1g-deficient) and control (CD8a-Cre and wt) mice; Graphpad two-way 

ANOVA; *p£0.05, **p£0.01; n = 3-4. 

Extended Data Figure 7. Compound mutant mice exhibit normal T-cell development in the 

thymus and lymph nodes. a, Schematic of the generation of compound mutant mice. b,c, T-cell 

development in the thymus of Cbx3-Lef1- and Cbx3-Il21r-deficient mice; numbers: percent cells; 

DN1-DN4: double negative (CD4–CD8–) progenitor T-cell populations gated from bottom left 

quadrants of top FACS plots. d,e, CD4+ and CD8+ ratio in mesenteric lymph nodes (mLNs) of 

compound mutant mice; numbers: percent cells. f,g, Ratio of mLN naïve (CD44–CD62L+), effector 

(CD44+CD62L–) and memory (CD44+CD62L+) cells in both CD4+ as well as CD8+ T-cell 

compartments of compound mutant mice. h,i, FACS plots showed expression of IL-21R on mLN 

naïve, effector and memory CD8+ and CD4+ T-cell populations.  



Extended Data Figure 8. No differences in non-CD8 immune cells are detected in tumors of 

compound mutant mice. a, Schematic of the generation of the Cbx3-Tcf7-deficient mouse. b, 

Frequencies of progenitor exhausted (TIM3+CXCR5+) and terminally exhausted (TIM3+CXCR5–

) CD8+ T cells were analyzed in tumors from control (CD8a-Cre or wt), Cbx3fl/fl (Cbx3/HP1g-

deficient), Cbx3fl/flLef1fl/fl (Cbx3-Lef1-deficient); Cbx3fl/flTcf7fl/fl (Cbx3-Tcf7-deficient) mice and 

B6/SJL mice receiving Cbx3-Il21r-deficient CD8+ effector T cells (Cbx3fl/flIl21r-/-); n = 3-5. c, 

Frequencies of NK1.1+NKG2D+ and CD4+NKG2D+ were evaluated in tumors from mice in (b).  
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