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D\S(EVEE cohort
Disease T!EE NPC NLH
Patient ID 1 2 3 4 5 ] 7 8 9 10 14 11 12 13
Estimated Number of Cells 2,652 4,583 6,419 5,568 4,334 6,100 4,813 1,933 8,821 6,671 4,083 5,873 7,485 5,337
Mean Reads per Cell 182,645 | 101428 | 75836 | 10807L | 122,944 | 71,949 92,561 132,696 | 53,390 67,921 156,846 | 76,830 63,222 90,004
Median Genes per Cell 1,331 1,398 727 1,185 1,144 704 581 543 1,760 1,424 1,300 1,543 1,602 1,670
Number of Reads 484,376,867 | 464,848, 632| 486,791,842 601,742, 766 532,843,491 | 438 889,767 | 445,493 ,828| 256,501,517( 470,955,309 453,099,133 | 640,401,213 451, 219,695] 473,217,673 480,350,056
Valid Barcodes 92.30% 92.40% 94.30% 89.10% 87.60% 87.20% 87.60% 87.30% 91.90% £9.30% 85.60% 90.80% 91.90% 90.70%
SEguEr\dng Saturation 95.50% 88.60% 94.60% 90.40% 90.10% 91.80% 93.40% 100.00% 77.30% 86.90% 92.00% 86.60% 81.20% 85.20%
Q30 Bases in Barcode 97.10% 97.00% 96.60% 96.60% 96.70% 96.40% 96.80% 96.80% 97.30% 97.40% 96.40% 97.40% 97.40% 97.40%
030 Bases in RNA Read 85.90% 88.10% 90.70% 94.60% 94.50% 89.20% 92.20% 83.70% 92.10% 92.00% 91.509% 92.10% 92.20% 92.00%
(130 Bases in RNA Read 2 91.60% 91.90% 90.40% 89.80% 94.10% 94.30% 94.00% 92.60% 91.90% 93.10% 92.00% 92.60% 92.40%
Q30 Bases in UMI 96.90% 96.70% 96.30% 95.80% 96.30% 96.10% 96.80% 97.20% 97.20% 96.30% 97.30% 97.20% 97.30%
Reads Mapped to Genome. 89.90% 89.50% 91.10% 85.60% 89.50% 89.20% 75.90% 92.10% 91.80% 93.300% 91.60% 90.70% 92.60%
Reads MaEEed Confidently to Genome 84.50% 80.20% 87.80% 74.90% 81.70% 79.30% 69.30% 82.90% 81.00% 84.30% 81.70% 81.10% 84.20%
Reads MiEEEd Cunﬁdenﬂz to lnteEErli:REEiuns 8.80% 9.00% 4.80% 10.20% 6.90% 4.70% 7.50% 6.90% B.40% 9.80% 7.90% 6.90% 8.70%
Reads Mapped Confidently to Intronic Regions 5.00% 4.80% 6.50% 6.00% 9.20% 9.30% 11.10% 5.90% 7.4086 7.50% 6808 5.70% 7.10%
Reads Ma“ ed Cunﬁdenﬂ! to Exonic Regmns 73.50% 69.10% 79.20% 61.30% 65.50% 65.30% 50.70% 72.60% 67.80% 66.90% 69.50% 70.90% 70.90%
Reads MBE_EEd Confide ﬁ(l! to Transcri ptome 68.40% 64.50% 73.70% 56.50% 53.80% 54.60% 41.50% 67.70% 62.00% 57.00% 64.40% 66.30% 65.40%
Reads Mapped Antisense to Gene 2.70% 2.30% 2.80% 2.40% 7.80% 6.80% 6.00% 2.60% 3308 5.80% 2.70% 2.40% 3.00%
Fraction Reads in Cells 89.80% §7.30% 93.00% 95.70% 73.80% 63.40% 72.80% 93.20% 89.50% 69.50% 89.80% 95.80% 81.20%
Total Genes Detected 20,126 21,156 20,156 21,369 20,395 19,298 17,767 21,649 20,364 20,138 21,609 21,866 20,613
Median UMI Counts per Cell 3,579 3,322 1,511 2,851 1,266 1,048 1,173 4,553 3,833 3,505 4,602 2,836 2,911
b
Validation cohort
Disease Type NPC NLH
Patient 1D 9 10 11 12 13
Estimated Number of Cells 10,002 7,307 8,150 8,653 7,803
Mean Reads per Cell 63,930 93,319 92,317 81,248 88,885
Median Genes per Cell 1,701 1,565 1,713 1,634 1,696
Number of Reads 645,180,272 | 681,882, 183| 752,379,807 | 703,036,290 701,567,034
Valid Barcodes 85.00% 82.10% 84.10% 84.70% 83.30%
Sequencing 75.70% 86.10% 85.20% 81.80% 82.20%
Q30 Bases in Barcode 97.10% 97.10% 97.10% 97.10% 97.108%
Q30 Bases in RNA Read 91.80% 91.20% 91.50% 92.00% 91.40%
(130 Bases in RNA Read 2 93.10% 95.40% 95.80% 96.10% 95.70%
Q30 Bases in UMI 96.70% 96.70% 96.80% 96.60% 96.70%
Reads Mapped to Genome 92.50% 92.80% 93.30% 91.80% 93.40%
Reads Mapped Confidently to Genome 84.00% 84.20% 86.20% 83.20% 85.60%
Reads Mapped Confidently to Intergenic Regions. 7.60% B.80% 8.00% 7.90% 8.60%
Reads Mapped Confidently to Intronic Regions 18.70% 22.60% 22.60% 18.10% 22.10%
Reads Mapped Confidently to Exonic Regions 57.70% 52.90% 55.60% 57.10% 54.90%
Reads Mapped C ta Transcriptome 44.80% 39.40% 42.30% 44.20% 41.40%
Reads Mapped Antisense to Gene 9.20% 9.70% 9.30% 9.30% 9.60%
Fraction Reads in Cells 89.50% 88.20% 92.00% 94.70% 86.10%
Total Genes Detected 23,460 22,334 23,405 23,129 22,506
Median UMI Counts per Cell 3,760 3,556 4,314 4,158 4,334
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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.
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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 um.



UMAP_2

CXCL13

ZNF683

IFl44L

b
2Znommalized enrichment score!
Adipogenesis.

Allograft rejection

Androgen response

Apcptosis

Chelesterol homeostasis
ient system

DNA repair

E2F targets

EMT

Estrogen response late
Fatty acid metabolism
2M checkpaint
Glycolysis
Heme metabolism

H

iypoxia
IFN-a response

IFN-y response

IL2 STATS signaling

ILB JAK STATS signaling
Inflammatory response
KRAS signaling-down
KRAS signaling-up

Mitotic spinclie

MTORG1 signaling.

MYC target v1

NOTCH signaling
Oxidative Phasphorylation
lyogenesis

P53 pathway

Pancreas beta cells
Peroxisome

PI3K AKT mTOR signaling
0S pathway

TGFB signaling

TNFA signaling via NFKB
Unfold protein response
UV response-down

UV respense-up

&

Ag Ag AT AP

Reacti

AF AE /\d A 50
@

™ Non-malignant

<&

W Malignant

S

Z-nommalized enrichment score _'——'—'_

Pseudotime estimation of CD8" T cells

Adipogenesis
Allogratt rejection
Androgen response
Apical junction

ive oxygen species

Apoptosis . | |

Cholesterol homeostasis
MT

Estrogen respanse early
Estrogen response late
Fatty acid metabolism
G2M checkpoint
Glycolysis

Heme metabolism
Hypaxia

IFN-a response

IFN-y response,

IL2 STATS signaling

IL6 JAK STATS signaling
Inflammatory response
KRAS signaling-up
Mitotic spindle

MTORC1 signaling

MYC target vi

NOTCH signaling
Oxidative Phospharylation
P53 pathway

Pancreas beta cells

PI3K AKT mTOR signaling|
pathway

TGFB signaling

TNFA signaling via NFKB
Unfold protein response
w reeponoedwm

UV response-up

WNT beta-catenin signaling

Component 2

Component 1

Pseudotime estimation of CD4* T cells
Pseudotime

L

Component 2

\@ o
\;«»

[ Mallgmint

Component 1
L] Nnn-mllgnanl

Patient 1

Patient 6

Patient 8

Patient 2 Patient 3 Patient 4 Patient 5 |Ssunrreuwe Treg

= €12 Prolferating

Patient 7

Patient 8

Patient 10

Patient 11 Patient 12

Patient 13

Month

e survival

Progression-fre

Progression-free survival

H1N3msm7 113
W2 N4 WG MEW10m12014 Patient 14
UMAP_1
1.0
K]
=
2 0.8
3
(2]
ﬁ 0.6
T
=
O 0.4
7]
a Log-rank p=0.005
'g': 0.2+ —— Naive-High
o ~*= Naive-Low
0.0 1 1 1
40 60
Month
g
B
2 0.8
3
w
o
8 0.6
=
S 0.4
w
ﬁ Log-rank p=0.182
8: 0.2 == Cytotoxic-High
i —— Cytotoxic-Low
00 T T 1
40 60

1.0
0.8 E

0.6+
0.4
Log-rank p=0.201
0.24 = Exhaustion-High
—*— Exhaustion-Low
0.0 T T 1
0 &0

Month

1 n-m
0.8

0.6+
0.4+
Log-rank p=0.423
0.2 = Treg-High
—*= Treg-Low
0. T T 1
0 20 40 60

Month



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 nave, 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.
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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-B chains of NPC and NLH-
derived T cells, ordered by the frequency, color-coded by the biochemical property, scaled
by enrichment score.
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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 (log. fold
change>0.4, p-values<5x107?) 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.
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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-B chains of NPC and NLH-
derived B cells, ordered by the frequency, colored by the biochemical property, scaled by
enrichment score. (¢) The pseudotime developmental trajectory of B cells based on the
expression of the top 50 marker genes in each subpopulation.
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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 (logz fold change >0.5, FDR
<1x1072% 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.
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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.
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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.
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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 Il Undifferentiated
2 Positive 11 Undifferentiated
3 Positive 11 Undifferentiated
4 Positive v Undifferentiated
5 Negative | Undifferentiated
6 Positive VB Differentiated
7 Negative Il Undifferentiated
8 N/A IVA Undifferentiated
9 Positive 1l Undifferentiated
10 Positive 1l Undifferentiated
11 Normal Normal Normal
12 Normal Normal Normal
13 Normal Normal Normal
14 Negative Il 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 v NA Last follow-up 0 21
GZNPC_749 2583 1 mixed (round & spindle)  Disease progression 1 21
GZNPC_750 4719 NA  mixed (round & spindle) Last follow-up 0 23
GZNPC_751 1703 1l 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 11 undifferentiated, round  Disease progression 1 6
GZNPC_757 20678 v differentiated Last follow-up 0 40
GZNPC_758 5661 NA  mixed (round & spindle) Last follow-up 0 38
GZNPC_760 3903 11 mixed (round & spindle) Last follow-up 0 35
GZNPC_761 1143 NA differentiated Last follow-up 0 31
GZNPC_762 8294 v undifferentiated, spindle Last follow-up 0 22
GZNPC_763 8185 11 undifferentiated, round  Disease progression 1 6
GZNPC_764 4526 1] undifferentiated, round Last follow-up 0 27
GZNPC_765 1662 NA undifferentiated, round Last follow-up 0 25
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15
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13
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37
39
23
11
14
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15
32
21

27
37
16
32
18
13
31
29
37
40
23
20
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17
12
36
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GZNPC_817
GZNPC_818
GZNPC_819
GZNPC_821
GZNPC_822
GZNPC_823
GZNPC_824
GZNPC_825
GZNPC_826
GZNPC_829
GZNPC_830
GZNPC_832
GZNPC_835
GZNPC_836
GZNPC_837
GZNPC_839
GZNPC_840
GZNPC_841
GZNPC_842
GZNPC_843
GZNPC_844
GZNPC_845
GZNPC_848
GZNPC_849
GZNPC_850
GZNPC_852
GZNPC_853
GZNPC_855
GZNPC_856
GZNPC_858
GZNPC_859

Supplementary Table 2 The clinical information of 88 patients enrolled in GSE102349.
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NA
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NA
undifferentiated, round
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NA
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mixed (round & spindle)
NA
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undifferentiated, round
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differentiated
NA
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undifferentiated, round
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NA

mixed (round & spindle)
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Last follow-up
Last follow-up
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Disease progression
Disease progression
Disease progression
Last follow-up
Last follow-up
Last follow-up
Disease progression
Last follow-up
Last follow-up
Last follow-up
Last follow-up
Last follow-up
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Last follow-up
Last follow-up

Disease progression

29
27
14
55
38
33

31

14
42
26

13
37
15
14
26
23
22
30
14
27
21
18
17
19
25
28
12



Patient  Stage
701T "
702T "
704T "
706T "
707T "
708T i
710T "
711T "
712T "
713T "
T14T 1l
716T "
718T 1l
719T 1l
720T "
722T 1l
723T "
T724T "
725T |
728T "
729T 1l
730T 1l
731T I
732T 1l
733T I
735T "
736T |
737T "
740T |
741T 1l
743T I
T44T 1l
746T "
47T "
748T 1l
749T "
751T 1l
752T 1l
754T "
755T "



756T Il

57T Il

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 MO755 1:2400
anti-CD3 Leica CD3-565-L-CE 1:50
anti-CD8 Dako M7103 1:160
anti-CD45RO Dako MQ742 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 1gG, Alexa 488 Invitrogen A-10680 1:1000
Goat anti-rabbit, Alexa 568 Invitrogen A-11011 1:1000
Goat anti-rat 1gG, Alexa 488 Invitrogen A-11006 1:1000



