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Supplementary Fig. 1 Quality control reports for each sequenced sample and 

independent validation via the random forest. (a) The summary of single-cell 

sequencing quality control report in the discovery cohort. (b) The summary of single-cell 



sequencing quality control report in the validation cohort. (c) The random forest analysis 

performed on B cells (d) The Pearson correlation between the frequency of B cell 

subpopulations in the discovery cohort and validation cohort, color-coded by the patient 

ID. (e) The random forest analysis performed on T cells (f) The Pearson's correlation 

between the frequency of T cell subpopulations in the discovery cohort and validation 

cohort, color-coded by the patient ID.  Source data are provided as a Source Data file. 

 

Supplementary Fig. 2 Degree of stromal infiltration in NPC patients determined by 

pathological examination. (a) The representative H&E (20X and 400X) and IHC staining 

(400X) pictures of NPC patients, showing the degree of stromal infiltration, evaluated by 

a group of professional pathologists. Three independent experiments were performed and 

generated similar results. Scale bar = 400 µm.  

 

 

 



 



Supplementary Fig. 3 T-cell associated signatures and correlations to progression-

free survival. (a) The expression of marker genes for T cell subpopulations defined in fig. 

2a. (b) The GSEA hallmark pathways enriched in CD8+ and CD4+ T cell subpopulations 

derived from the malignant and non-malignant microenvironment. (c) The pseudotime 

estimation in the developmental trajectory of CD8+ and CD4+ T cells. (d) The patient 

distribution plot within the T cell subpopulations, color-coded by the patient ID. (e) The 

inter-patient distribution of T cell subpopulations, shown by the percentage of total T cells. 

(f) The progression-free survival for 88 NPC patients, stratified for the naïve, cytotoxic, 

Treg and exhaustion scores (binary: high score vs. low score), calculated by the 

corresponding linear models, respectively. The p-values were evaluated by the two-sided 

log-rank test. Source data are provided as a Source Data file. 



 

 



Supplementary Fig. 4 Identification of T cell clonality and T cell receptor motifs. (a) 

UMAP plot of the top 3 largest clones in patients with their corresponding clonotypes. (b) 

The proportion of the top 3 frequent clonotypes in patients, color-coded by associated 

clonotypes. (c) The enriched amino acid motifs on the TCR-β chains of NPC and NLH-

derived T cells, ordered by the frequency, color-coded by the biochemical property, scaled 

by enrichment score.  



 

Supplementary Fig. 5 B-cell associated signatures and correlations to progression-

free survival. (a) Violin plots showing the average expression of marker genes and 



functional signatures in the B cell subpopulations defined in fig. 5a. (b) The patient 

distribution plot within the B cell subpopulations, colored by the patient ID. (c) The relative 

abundance of plasma B cells and switched memory B cells in the NPC (n=11 biologically 

independent samples) and NLH (n=3 biologically independent samples) microenvironment. 

Each dot represents one patient. p-values were evaluated using two-sided Student's t-test. 

Data are presented as mean values ±SD. (d) The differentially expressed genes (log2 fold 

change≥0.4, p-values≤5×10-2) in NPC-derived and NLH-derived B cells identified by the 

MAST analysis. (e) The progression-free survival for 88 NPC patients, stratified for the 

normalized average expression (binary: high expression vs. low expression) of a selected 

set of B-cell signature genes. p-values were evaluated by the two-sided log-rank test. 

Source data are provided as a Source Data file. 



 

Supplementary Fig. 6 Identification of B cell clonality and B cell receptor motifs. (a) 

The proportion of the top 3 frequent clonotypes in patients, colored by associated 

clonotypes. (b) The enriched amino acid motifs on the BCR-β chains of NPC and NLH-

derived B cells, ordered by the frequency, colored by the biochemical property, scaled by 

enrichment score. (c) The pseudotime developmental trajectory of B cells based on the 

expression of the top 50 marker genes in each subpopulation.  



 

Supplementary Fig. 7 Genetic signatures in myeloid cells, NK cells, fibroblasts and 

tumor cells. (a) The patient distribution plot within the myeloid subpopulations, color-

coded by the patient ID. (b) The differentially expressed genes (log2 fold change ≥0.5, FDR 

≤1×10-20) in NPC-derived and NLH-derived myeloid cells identified by the MAST analysis. 

(c) The gene regulatory network constructed by Cytoscape, color-coded by the associated 



gene type (red: top 30 up-regulated genes from NPC-derived myeloid cells, blue: the 

upstream transcription factors predicted by RegNetwork, green: the targeted genes 

predicted by GeneMANIA). (d and e) The pseudotime developmental trajectory of myeloid 

cells based on the expression of the top 30 marker genes in each subpopulation. (f) Heatmap 

showing the differentially expressed genes in fibroblasts, NK cells and tumor cells.  

 



Supplementary Fig. 8 Patient and cell-type distribution within T cells. (a) UMAP 

plot showing the patient distribution in each T cell subtype, color-coded by the patient 

ID. (b) UMAP plot showing the T cell distribution in each patient, color-coded by the cell 

subtype. 

 



Supplementary Fig. 9 Patient and cell-type distribution within B cells. (a) UMAP 

plot showing the patient distribution in each B cell subtype, color-coded by the patient 

ID. (b) UMAP plot showing the B cell distribution in each patient, color-coded by the 

cell subtype.  

 



Supplementary Fig. 10 Patient and cell-type distribution within myeloid cells. (a) 

UMAP plot showing the patient distribution in each myeloid cell subtype, color-coded by 

the patient ID. (b) UMAP plot showing the myeloid cell distribution in each patient, 

color-coded by the cell subtype.  

 

Patient ID EBV status Stage Differentiation type 

1 Negative III  Undifferentiated 

2 Positive III  Undifferentiated 

3 Positive III  Undifferentiated 

4 Positive IV  Undifferentiated 

5 Negative I  Undifferentiated 

6 Positive IVB Differentiated 

7 Negative III  Undifferentiated 

8 N/A IVA  Undifferentiated 

9 Positive III  Undifferentiated 

10 Positive III  Undifferentiated 

11 Normal Normal Normal 

12 Normal Normal Normal 

13 Normal Normal Normal 

14 Negative III  Undifferentiated 

 

Supplementary Table 1 The clinical information of 14 patients enrolled in the present 

study. 

 

Patient EBV reads Stage Grade Event Status Time to event (m) 

GZNPC_747 8815 NA undifferentiated, round Last follow-up 0 30 

GZNPC_748 3829 IV NA Last follow-up 0 21 

GZNPC_749 2583 III mixed (round & spindle) Disease progression 1 21 

GZNPC_750 4719 NA mixed (round & spindle) Last follow-up 0 23 

GZNPC_751 1703 II differentiated Last follow-up 0 29 

GZNPC_753 3099 IV mixed (round & spindle) Last follow-up 0 27 

GZNPC_754 6288 NA differentiated Last follow-up 0 39 

GZNPC_756 2675 III undifferentiated, round Disease progression 1 6 

GZNPC_757 20678 IV differentiated Last follow-up 0 40 

GZNPC_758 5661 NA mixed (round & spindle) Last follow-up 0 38 

GZNPC_760 3903 III mixed (round & spindle) Last follow-up 0 35 

GZNPC_761 1143 NA differentiated Last follow-up 0 31 

GZNPC_762 8294 IV undifferentiated, spindle Last follow-up 0 22 

GZNPC_763 8185 III undifferentiated, round Disease progression 1 6 

GZNPC_764 4526 III undifferentiated, round Last follow-up 0 27 

GZNPC_765 1662 NA undifferentiated, round Last follow-up 0 25 



GZNPC_766 19424 III mixed (round & spindle) Last follow-up 0 36 

GZNPC_767 4848 III mixed (round & spindle) Last follow-up 0 29 

GZNPC_768 2349 III mixed (round & spindle) Disease progression 1 8 

GZNPC_769 3231 NA differentiated Last follow-up 0 36 

GZNPC_771 17135 III undifferentiated, round Last follow-up 0 9 

GZNPC_772 712 III undifferentiated, spindle Last follow-up 0 42 

GZNPC_773 3525 III NA Last follow-up 0 15 

GZNPC_774 2479 III mixed (round & spindle) Last follow-up 0 29 

GZNPC_775 17316 NA undifferentiated, round Last follow-up 0 18 

GZNPC_777 5290 IV undifferentiated, round Last follow-up 0 34 

GZNPC_778 2050 IV mixed (round & spindle) Last follow-up 0 13 

GZNPC_779 2600 NA mixed (round & spindle) Last follow-up 0 12 

GZNPC_780 2345 III mixed (round & spindle) Last follow-up 0 37 

GZNPC_781 8757 III undifferentiated, round Last follow-up 0 39 

GZNPC_782 2322 IV mixed (round & spindle) Last follow-up 0 23 

GZNPC_783 2329 IV undifferentiated, round Disease progression 1 11 

GZNPC_784 3601 IV NA Disease progression 1 14 

GZNPC_785 93 III mixed (round & spindle) Last follow-up 0 20 

GZNPC_786 20875 NA differentiated Last follow-up 0 33 

GZNPC_787 1720 III mixed (round & spindle) Last follow-up 0 51 

GZNPC_788 2827 NA undifferentiated, round Disease progression 1 15 

GZNPC_789 5719 III mixed (round & spindle) Last follow-up 0 32 

GZNPC_790 2955 III mixed (round & spindle) Last follow-up 0 21 

GZNPC_791 3939 III undifferentiated, spindle Disease progression 1 9 

GZNPC_792 441 II NA Last follow-up 0 27 

GZNPC_794 10076 NA mixed (round & spindle) Last follow-up 0 37 

GZNPC_795 5176 NA undifferentiated, spindle Last follow-up 0 16 

GZNPC_796 4986 IV undifferentiated, spindle Disease progression 1 32 

GZNPC_797 4664 III differentiated Last follow-up 0 18 

GZNPC_798 3985 IV mixed (round & spindle) Last follow-up 0 13 

GZNPC_799 4148 IV undifferentiated, round Last follow-up 0 31 

GZNPC_800 4607 III mixed (round & spindle) Last follow-up 0 29 

GZNPC_802 3323 IV NA Last follow-up 0 37 

GZNPC_803 17771 III undifferentiated, spindle Last follow-up 0 40 

GZNPC_804 36680 NA undifferentiated, round Last follow-up 0 23 

GZNPC_805 2180 III mixed (round & spindle) Last follow-up 0 20 

GZNPC_806 5499 I mixed (round & spindle) Last follow-up 0 20 

GZNPC_809 4779 III undifferentiated, spindle Last follow-up 0 17 

GZNPC_810 2784 III undifferentiated, round Last follow-up 0 12 

GZNPC_811 8904 III mixed (round & spindle) Last follow-up 0 36 

GZNPC_812 544 NA mixed (round & spindle) Last follow-up 0 27 



GZNPC_817 1930 I NA Last follow-up 0 29 

GZNPC_818 3244 NA undifferentiated, round Last follow-up 0 27 

GZNPC_819 7618 IV differentiated Disease progression 1 14 

GZNPC_821 4725 III NA Last follow-up 0 55 

GZNPC_822 1506 III undifferentiated, round Last follow-up 0 38 

GZNPC_823 2898 III mixed (round & spindle) Last follow-up 0 33 

GZNPC_824 479 III NA Disease progression 1 3 

GZNPC_825 5582 I undifferentiated, round Last follow-up 0 31 

GZNPC_826 2671 NA undifferentiated, round Last follow-up 0 7 

GZNPC_829 3903 IV mixed (round & spindle) Last follow-up 0 14 

GZNPC_830 5026 III mixed (round & spindle) Last follow-up 0 42 

GZNPC_832 288 I undifferentiated, round Last follow-up 0 26 

GZNPC_835 293 III mixed (round & spindle) Last follow-up 0 5 

GZNPC_836 5739 NA undifferentiated, round Last follow-up 0 13 

GZNPC_837 13799 NA undifferentiated, round Last follow-up 0 37 

GZNPC_839 2725 NA undifferentiated, round Disease progression 1 15 

GZNPC_840 6979 IV mixed (round & spindle) Disease progression 1 14 

GZNPC_841 12539 IV differentiated Disease progression 1 26 

GZNPC_842 328 IV NA Last follow-up 0 23 

GZNPC_843 1967 III undifferentiated, round Last follow-up 0 22 

GZNPC_844 2427 III undifferentiated, round Last follow-up 0 30 

GZNPC_845 3648 IV undifferentiated, round Disease progression 1 14 

GZNPC_848 5199 IV mixed (round & spindle) Last follow-up 0 27 

GZNPC_849 2927 III undifferentiated, spindle Last follow-up 0 21 

GZNPC_850 4903 IV differentiated Last follow-up 0 18 

GZNPC_852 2450 IV undifferentiated, round Last follow-up 0 17 

GZNPC_853 14604 III undifferentiated, round Last follow-up 0 19 

GZNPC_855 2678 III undifferentiated, round Last follow-up 0 25 

GZNPC_856 4119 III mixed (round & spindle) Last follow-up 0 28 

GZNPC_858 216 I NA Last follow-up 0 12 

GZNPC_859 2566 III mixed (round & spindle) Disease progression 1 7 

 

Supplementary Table 2 The clinical information of 88 patients enrolled in GSE102349. 

 

 

 

 

 



Patient Stage 

701T III 

702T III 

704T III 

706T III 

707T III 

708T III 

710T III 

711T III 

712T III 

713T III 

714T III 

716T III 

718T III 

719T III 

720T III 

722T III 

723T III 

724T III 

725T II 

728T III 

729T III 

730T III 

731T II 

732T III 

733T II 

735T III 

736T II 

737T III 

740T II 

741T III 

743T II 

744T III 

746T III 

747T III 

748T III 

749T III 

751T III 

752T III 

754T III 

755T III 



756T III 

757T III 

703N NA 

721N NA 

727N NA 

 

Supplementary Table 3 The clinical information of 45 patients enrolled in GSE68799. 

 

Antibody List 

Antibody Company Catalog No. Dilution 

IHC staining   

anti-CD20 Dako M0755 1:2400 

anti-CD3 Leica CD3-565-L-CE 1:50 

anti-CD8 Dako M7103 1:160 

anti-CD45RO Dako M0742 1:500 

IF staining (primary antibody) 

anti-PD1 Abcam ab52587 1:50 

anti-CD8 Abcam ab4055 1:200 

anti-FOXP3 Abcam ab450 1:500 

anti-CD3 AbD Serotec MCA 1477 1:100 

IF staining (secondary antibody) 

Goat anti-mouse IgG, Alexa 488 Invitrogen A-10680 1:1000 

Goat anti-rabbit, Alexa 568 Invitrogen A-11011 1:1000 

Goat anti-rat IgG, Alexa 488 Invitrogen A-11006 1:1000 

    
 


