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[(HZE] BH - @i s S M RGN R BOG A SA BRI (mucosal malignant melanoma, MM) 5 J7 Gk A K
J¥ (cutaneous malignant melanoma, CM) fHIABEIIGIEL15 225, H2/R MM H CD8" T 4 fFEME (1 & BREALE . 773k - 1K
RAEG 3 BIHITAE MM AR T ARAEAS B 3 4] CM St it 4% s 2l 58, LAl A 36 531 S IREEAT 40 BT o B50H ik 3P4 A5 L R A
1B RS R T 2R SE DR L ) S SE DR e ) . T B RS R A 2R T B (IR S bR SR . R = 5
FEH AT (Wilcoxon #5560 ) . JERSE & 0T [FEF I E AL (Gene Ontology, GO) M #IEH 5IHE A HF &
(Kyoto Encyclopedia of Genes and Genomes, KEGG) %)% |, 4NAE H.AF W 45 43 1 S Jig i 2 R ZH 18] (The Cancer Genome
Atlas, TCGA) FilfFRBAHT, SN MM 5 CM Mg fo e A i 5 itk . 4R - 5 CM AL, MM CD8" T4
NMEEETEMICIEN (GZMB, IFNG45) FikR#E (P<0.001), MiFEHBIs&Y (PDCDI. LAG34E) WEE EiF (P<0.001),
[ FE S Pk CD8' T 4H AR LL GG L 6 %5 [ (CM: 3.38%) ws (MM: 19.26%), P<0.001], HZRFERTEIH .
BEAh, MM EREL 5 R AR K B8 T CM [ (CM: 1.6%) vs (MM 34.1%), P=0.009]. 405t ik—
W HR g S A ERE. Ho, CDIO PRI RE (5 MM PRI iR 23.52% ) [RIE e A2 4840 1 (S10048/49)
el 47 (MME/CDI0, CD55), HiZ\WEERIBEIEEIHI 4008 (myeloid-derived suppressor cell, MDSC) 4H1iEPE4)
BEE TR, TCGA & MM RSt — B UESE, I HEAY B A R0 5 R R KBS M5 (P=0.049), #21
ZAES IR e R AE T . BLE ., CD10" ko 40 i i ik SELPLG-SELL Bt {52 (A 5 #Eul 1 CD8™ T4l B4, 3K
S TANRTNEER TG . 4518 - XF MM IR RFEAS HEA T B4 4% S ALY, FF RS0 L MM 5 CM 1 SR A i S e 13, 4878 MM
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CD10* neutrophils promote CD8" T-cell depletion in mucosal malignant melanoma
through the SELPG-SELL pathway

HAO Meiling', MA Yanni', MA Xuhui'?, ZHANG Yanijie', ZENG Hanlin'®, CHEN Shanshuang'

1.Shanghai Institute of Precision Medicine, Shanghai Ninth People's Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai
200125, China; 2. Department of Oral & Maxillofacial-Head and Neck Oncology, Shanghai Ninth People's Hospital, Shanghai Jiao Tong
University School of Medicine, Shanghai, 200011,China; 3.Department of Oncology, Shanghai Ninth People's Hospital, Shanghai Jiao Tong
University School of Medicine, Shanghai 200011, China

[Abstract] Objective:To compare the immune microenvironment of mucosal malignant melanoma (MM) and cutaneous
malignant melanoma (CM) using single-cell transcriptome analysis system, and to elucidate the key regulatory mechanism of CD8"
T cell depletion in MM. Methods- A total of 36 531 cells from three treatment-naive MM surgical specimens and three CM samples
were subjected to single-cell RNA sequencing. Data pre-processing included batch correction, strict quality control (based on
mitochondrial gene ratio and gene number screening), unsupervised clustering, and cell-type annotation (using established marker
genes). Differential gene analysis (Wilcoxon test), gene set enrichment analysis [based on Gene Ontology (GO) and Kyoto
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Encyclopedia of Genes and Genomes (KEGG) databases], cell-cell interaction network analysis, and prognostic association analysis
using. The Cancer Genome Atlas (TCGA) were used to comprehensively analyse the heterogeneity of MM and CM tumour immune
microenvironment. Results*Compared with CM, the expression of cytotoxicity-related genes (GZMB, IFNG, etc.) in CD8' T cells in
MM was reduced (P<0.001), while the depletion markers (PDCDI, LAG3, etc.) were significantly up-regulated (P<0.001). The
proportion of depleted CD8" T cell subsets increased by nearly 6 times (CM: 3.38% vs MM: 19.26%, P<0.010), and the terminal
depletion score was higher. In addition, the level of neutrophil infiltration in the MM microenvironment was significantly higher than
that in CM (CM: 1.6% vs MM: 34.1%, P=0.009), and single-cell analysis further divided it into five subgroups. Among them, the
CD10" neutrophil subset (accounting for 23.52% of MM neutrophils) highly expressed pro-inflammatory molecules (S10048/49) and
immunosuppressive molecules (MME/CD10, CD55), and the characteristic scores of myeloid-derived suppressor cells (MDSCs) in this
subset were significantly higher than those of other subgroups. TCGA and MM cohort analyses further confirmed that the highly
expressed genes of this subset were independently associated with poor prognosis (P=0.049), suggesting that this subset was involved
in tumour immunosuppressive effects. Mechanistically, CD10" neutrophils interacted with depleted CD8" T cells through the SELPLG-
SELL ligand-receptor pair, driving T-cell inactivation. Conclusion-Single-cell transcriptome sequencing was performed on MM
clinical samples, and the single-cell immunomes of MM and CM were systematically compared, suggesting that CD10" neutrophils in
MM induce CD8" T-cell terminal depletion through the SELPLG-SELL pathway. The molecular mechanism of MM immunotherapy

tolerance was elucidated, providing a new strategy for targeting neutrophil-T cell interaction.
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Zh R P (3 2299 (mucosal malignant melanoma,
MM), FEFREGGERE, JB T —Fs R R A
FRWA Y IR E TS KA, SHEAFRMN
25% 2, PRI LR T O . B JHALIE LA B IR
AR AR AL D, H R R S A
SRR, B ILAE 2 W RN R T O T 3 T G B Bk
i AT ARG R, MM ZEE I ARE Y %
R E T AR, W A R 6 3R R Y
22.6% o ATAER, USRS A A R A SR ZRA
7B AR T O R L TE BRI R R R
(cutaneous malignant melanoma, CM) fBEH (FEFREL

W) o SR HFEFEYESE TS 2K 1 (programmed
death receptor 1, PD-1) HHpHAZyyGyT, BRI A 3K1%
75% B % W 2% i % (objective response rate, ORR),
s B (overall survival, OS) # 3t 30
H O BB B TR . SR, TRRR Y G
WIP T ENHT MM B E R, JPAR B AZFR . ORR
1R 20%~30%, H A TG i A= A7 ] (progression-
free survival, PFS) ANE64H 7,

PU PD-1/F2 P AL T- B 4K 1 (programmed death-
ligand 1, PD-L1) JGY7 AR CAERIBLE, S8 FH K
T 2 O E 8 33— b G s 1k it ) O SR B A 0 X
S B AS PR RR L PED TR RN K, HARRIE S T 4 i )
REHEATVERIU, DL R Z R ese kit iy F [ PD-1,
g B PE T R E 4 M AR OC Bt ) 4 (cytotoxic T-
lymphocyte-associated antigen 4, CTLA-4) 1k = 40
il 815 3£ A 3 (lymphocyte-activation gene 3, LAG-
3) 4 R9EhE IR P e B R RS,
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I 22 U BT R T, R A i i A B B
(neutrophil extracellular trap, NET) 1] i@ i< 5 ¥4 g
OAREAEIRHIE, 75 TSR & b . fi%
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b 25 10 4], g AR OGR4 L (tumour-
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CDS8" THMMBE 5 W58 K BLAE AR 545 g vh A7
TE—2 % S R BHLHE40 38 3 B A2 Bilvgg v bz 4n
FOTEAE 1S, SR, LS AN RNA T (single-cell
RNA sequencing, scRNA-seq) C.J ¥ZJWH T CM 2,
o M B8, 2 (acral malignant melanoma, AM)
(FRg i ) Y LR sz 2 g, (E X
MM 1 F Ge PS40 B i A i AR DLHE o ASiEoE e s
FHE AR SR F A, RGBT MM 5 CM K
TR S B, EE SRR b Mok 4 ST A 8 20T
KICE IR IR TS AR e . [RIE, AT ik i) At
(A ELAE T2, TR ACERE T rh Mok 4 i 5 FE R P T
UM IR OC R, B S I R RO SR T UL
il LA R Sz iy 7P IR A i 25 ML, SR pt TR . A
W5 (4 K A B R MM (A HE S B8 16 9T R g R AL A 8T
PER SR SIS TEIR TR AL

1 WRE5HE

L1 ARFEACR A e PR it

AHITFE T A Wi PRAEAS 32 F A6 AR 18 BV HEA 7R
o FEARSRIR T 198 S Ko7 PR~ e Fi T 2 JU A R
BetZ FAVIBRA A, P /BB e e s R
BT A R IR S TREA T

1.2 MM it 4l

AR T A R B A B IR 2 LR
= BESUIA 19 3 R 22 250367 1 MM R 35 03 fif e
HLUREA iz ] Singleron Matrix™4b B 22 48 ¥EA7 fLFL
ASH ERE, RS IR GEXSCOPE™ L4 it RNA SCHE IR,
G A5 VE FLRE A Z2 00 )5 %, £F Tllumina novaseq
6000 1 5E ¥ . K CeleScope v1.11.1 3k f-4b
PR AR P RE , BT LB S S B A T X,
I3 T KR 4 F br A (unique molecular
identifiers, UMIs) #4173 K ik =50Hr .

1.3 LA 5 AL )T 2 25 B0 3R
RFFEREA TR A S RIBLEEBIRE (Gene
Expression Omnibus, GEO) #9541 fitd 4% 55 20 %5
o Horr, 3GIRZ YR IT I CM 2 1 BE K 5
T GSE215121 £#5 £ (M )FF 4 : 10xGenomics) ;
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fet e N 5 ROAE N B Y P40 M B S 4l B s ok VR T
GSE164241 ¥4 (M)FF4: 10xGenomics) o

1.4 B o w g

K FH Seurat br HE R A TECE B4 6 . BARE
. @ TR A A ORI 2] A9 3L 4 (number
of detected features, nFeature) HI4> T M AL (number
of detected counts, nCount) ., (2 f# Hi Percentage
FeatureSet PR 10155 £ b7 {4 3% K 1 43 b (mitochondrial
gene ratio, MitoRatio), FiEAEHISEILEEN: CMEE
7K B9 nFeature 715 [ & 200~4 000, MM FEAS 1) nFeature
T2 200~5 000, FrAFEAR MitoRatio B T 20%.

1.5 BBEAS . BR4E SRR oo

fdi ] Seurat (v5.2.1) RARMFAIRT 6 ASFEA 19 £ 48
HEATHEEG AT, I ZAR B — L7 36 890 14 i 1)
HOREAE R, Bl uifRads. O KM
"LogNormalize" J5 ¥5 X I 48 1424 700 —fb b 34, B
MR S ZR 5 6 A A ML ) i R ek A T AR Ak, Tfe
LU A7 (10 000) 5 3#E 47 % B e . ) il ik
FindVariableFeatures P& 1 i 2% tH 3 000 4~ =5 48 3L A,
Jfdt H ScaleData bR ECHF s 1 16 B8 4% 4 By z-score
@ FF AN, FH RunPCA & B AT 32 84 40

#r (principal component analysis, PCA), %54 &K

B, BfE T 20 A TR 20, @ SR
SIS #35  (uniform manifold approximation
and projection, UMAP) Skt 74 nf ik, & fif
FH FindNeighbors PR %5 #4) 2 41 Jifd 40 38 14, Jf 38 &
FindClusters pR 40 #F 17 4 Jd R 25 73 #r . © I H
FindAllMarkers p& £ 5 25 40 MO AE OB A 2R AT, 454
CL %) 28 BRI 0 35 DR G A0 I 2 Y R A 7

1.6 IR BEIE

YT REASSR FORIE R S Bk, R IHBRISLE A4t
BN FFOR B BA LR i AR S, AR5 R IR
fd Harmony (v1.2.3) #7885 A S IE ., B4R
&, i RunHarmony p& %% Seurat X 2 #E 47 4 3
% E plot_convergence=True 2 % LA SEF W 25 H A pREL
PISE O, ARG R A R, A RAR T
Harmony ¢ 1F J& B9 11X 4¥ #ix A 26 b 1 F J5 2243 Fr o
Harmony 5. 1% 1) 2 5% & 5 F RunHarmony B& 41 (1
B SCRERIASHL (theta=2, lambda=1, sigma=0.1).
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1.7 5 B Y5 D RETERE

RG22 5 3R B AR W7 T Re, ASHTSE
iz H clusterProfiler {1, (v4.14.4) #TRSEIIRE S
SrfT. R EE A I A (Gene Ontology, GO) #1
ARFEN 5 RN AR 44 (Kyoto Encyclopedia of
Genes and Genomes, KEGG) il EdaE, Xf2E55%
IR I AT D RE 1 R AL B s AR i . S S M B
B P<0.05, LIBATRES S T HEdE

1.8 JEPISEVES S Y

AW T A FRAE 5L N H T D) RE T4 -
O RHA SN MM A EM IR [ZFFLE 1 (perforin
1, PRFI). TH##E vy (interferon-y, IFNG). Fokii%
% (granulysin, GNLY) . NK 41 g i ki 8 H 7
(natural killer cell granule protein 7, NKG7) . Tk
B (granzyme B, GZMB) . Wikififi A (granzyme A,
GZMA) . ¥ b & IR B H B ) 57 F o (cystatin F,
CST7) i 983 I8 %6 A+ 8 < 7% B¢ 61 10 (tumor
necrosis factor superfamily member 10, TNFSFI10) ]
TEAL T A e st . @ IS A FERbR &Y [ E
T bk B 40 i #H 5¢ 8 H 4 (cytotoxic T-lymphocyte-
associated protein 4, CTLA-4) . W B2 5 MM
& 2 (hepatitis a virus cellular receptor 2, HAVCR2/
TIM-3) . WRE 4% LI 3 (lymphocyte-activation
LAG-3) . By M4 M At T A
(programmed cell death protein 1, PD-1) FlT 41} f
EZ RS Ig A ITIM 25 #38% (T cell immunoreceptor
with Ig and ITIM domains, TIGIT) 1 PFAL T 406
R @ SCHH 20 L AR 38 R 28 K FE 9 o AE [
18, @ @7 MDSCs FEfE SN, @ #TF
TAN2_CD10" P 41 it S FE Y = ek [N, M Ik
. SE M MM R P R A0 IR RS . A
P UCell L (v2.10.1) 4TI

gene 3,

1.9 EAF5Hr

SR HRAT I L AT T A P FR v Y U A
{8, ZASHBFFELL TAN2 CD10"E B Y o 36 35 BL PR S
TEEEHAE, RJHGSVA L (v2.0.5) X} TCGA-SKCM
BAE R IEAT IS o MRS PE 2 v 7 BORREAR 2 Ry
{KFIR4H , 1z F Kaplan-Meier 322 il 4= A7 #th £k A5 11
H R, il i Log-rank K6 56 PF A% 2 41 8] 19 A= 47
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1.10  ZuNL il Al A 50 B

A AT PR AR R S5 R A0 [ 3 5 I 45, ARIF 9T
KM cellchat i (v2.1.2) #HTRG M. % L&A
20 PR R S 5 L N A AR SZ AR AR AR 12
T A AR AR A e AL M TR A 5, DI AS) 2 4 -4
A ELAE RS, 48RS TE BN R (5515 SHLH .

2 R

2.1 MM Y5 CM H A7 5 50 G 08 IR BE S5 i

LT B 2 SR 200 e B AR X 3 AR B 9T i MM
SRR 3 4] CM R IIREA AT RS 0 T o R 4 T
RG2S R RS (reads i PEAL . KR
A IESE) S5, AT 36 53140 T BN AL
o R PR UEAL AL BRI G Harmony 353 E A7 I VAR
iE, it PCA (HF20ERL) M UMAP Bk SL 8
LAk . TS Leiden T B R (O HER
ZH0=0.5) ¥R 43R 16 455 5 S M A A %
H 2 HFEA G 52 A A A i . B 2 0T R
W AT AN ML S BR R . e T PTPRC (CD45) 3R
DR 40 R e E A (CD45™, =16 088) Sk
FEARML (CD45™, n=20443) —Kili& . AR
L MR NS e N 425 B Al
(KRT14. SPRR3, KRT6AZ5). W44 (COLIAL.
COL3A41, DCN %) . W K 41 s (PLVAP. VWF,
PECAMI %5 ) J B A RFEHMM (DCT. MLANA,
EDNRB %) o 58 20 Mo W 40 43 4 FRK A . B 4
(JCHAIN, IGHG4, MZBI1 %) . B WE4NHE (LYZ,
CDI4, CIQCH:) . Wiki4nifi (FCGR3B, CSF3R,
GOS2%:) . T4 (CD3E. TRAC., TRBC2%) KM
SO (CDIC, FCERIA, IRF8%:) (K1C). il
i UMAP %5 [8] B 50 0F T 40 i 28 B AR 5 A e i 36
KBRS B A AR B (I 1A/B) o 4 2RI 2H B4 4T '
71N 2 ol R0, 2R W R LA B S O S b, A
TR SR A ) SR AR T 20 R IR i LG4 R ik
R AR (32.3% vs 7.5%, FDR A£G IE P=0.004), ifij
Hh Pk 20 EE ) 2 TR (34.1% vs 1.6%, FDRAK
iE P=0.009) (KI1D/E).

2.2 MM} CDS'T 201l " kEH &% HL A0 w5 PEAIR
T 4R A DGR S e 2 IO R R A M,
WK B E T R IRTT IIE RI TR Y ST
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Note: A. UMAP map of cell types of mucosal melanosis and cutaneous melanosis. B. Bubble heatmap of the expression of canonical marker genes corresponding to
each cell type. C. UMAP map of the expression of the marker genes for the indicated cell subtypes. D/E. Distribution and comparative analysis of immune cells in
mucosal melanosis and cutaneous melanosis (MM for mucosal melanosis, CM for cutaneous melanosis) in bar plot (D) and box plot (E).

E1 MMX5CM BHpaEE

Fig1 Single-cell mapping of mucosal malignant melanoma and cutaneous malignant melanoma
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Y AT i — 20 A1 53 4 T REERE . (D CD4-CCR7 W
Bt (WA TAM, CD4 T Naive), H4FAETEZR A
CCR7 FI LEF1 %H3E3EH . @ CD4-FOXP3 WA (i
WHETHIM, CD4 T Reg), Fi#ik FOXP3FIIL2RA.
3 CD4-LTB W #f (ic {2 ¥ T 40 M ,
Memory), $#5EMEFRIKIL7R M LTB, @ CD4-PDCDI

WAHE. CDS" T M (& 34 DifglE &l : CDS8_
GZMB/GZMK . #f (40 g # 7 T 40 Jfl , CD8_T_
Cytotoxic) . CD8 IL7R W#f (idfZ T4, CDS T

Memory) 1 CD8 LAG3 iV # ( #& 3 £ T 41}y ,
CD8 T Exhausted) . 345 %I T4l (T_Cycling, W
¥ 23k MKI67 FI TOP24) . NKT 41 M &5 % ik
KLRCI. UMAP REZE v AL B s, 45 T 4 M2 A
T 22 ) v P G Y A5 (8] 4 B AR AE (1B 2A/B)
FE IR WL R — 2 BOUE T 4 WAF A RR Y 4 T4y
fE1% (K 2C/D) . HBTEENRE, S CMAMIL,
CDS8'T ZH Ml 7 MM R 3H HT m AKCF RS R, BAA
TP A O CDS" T 40l i) #E oy 45 AF 1E 43 25 T 5
(P<0.001), [a] ) 14 Fifi 4 i 2 P 45 AR DF 40 T % ()&
2E). @ CDS8_T_Cytotoxic A NKT £l fits (1t 3= 116 /K -t
FEAL (I 2F)., (O CD8 T Exhausted il ifd L 51| HH &
HAE, Wmikeft [ (CM: 338%) vs (MM:
19.26%) , P<0.001] ., HEAFH LZB, MM i
CD8_T_Exhausted £l Jfl & 3 1} B 5 25 A 2 5K HE ot F
fiE, HALAH A P53 0 & I T CM (P<0.001) (

2G) . YiaeE iR 7 2 A A CD8_T_
Exhausted 4f Jfl (1) 7+ 45 1E 2 % . CM "1 9 CD8_T_

Exhausted /5% B4 T 20 A i AL AT IR o0 58 A C T RE
1M MM H1) CD8 T Exhausted ] 5 2 & % T 40 1
I [ AR A2 AR OGE B (181 2H) o X Sk IR R
MM fifv g i IR ] 583 4 15 CD8_T_Exhausted #F A
LRFERIRA, FETHMFHARETIZH, ML
GE I IO . X — ML ] BB MM R X s
Ko 2 i BELT T 76 B N R AT A DG R A

2.3 MM B BF Bi b A7 A6 B2 R % 52 34 W 4% AE
TAN2_CD10"E#F
MM E—FhAE T 2400w 4 g 2R 30, o iz
RE 5 i Jed P 458 vl G 22 00 o 44 4 T 1 92 4 2 1) AH
K BOBRIERM, TAN TRk R R e R 2
BRI, AR R AR R A Y A S
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