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[Abstract] Objective Recent evidence shows that Streptococcus anginosus (S. a) promotes the
development of gastric cancer (GC). However, its role in GC progression, particularly its impact on tumor
immune microenvironment (TIME), remains unclear. This study aims to investigate the role of S. a in
advanced GC and test the hypothesis that S. « upregulates PD-L1 expression in GC cells, thereby inhibiting
CD8" T cell function. Methods Based on in-house RNA sequencing (RNA-seq) raw data (n=98), a
computational pipeline was established to determine the relative abundance of S. a (S. a score). In parallel, a
machine learning-based signature gene model was constructed to infer S. @ abundance from gene expression

" and S. a-low

matrices of public cohorts. Using these approaches, GC patients were stratified into S. a-high(S. a
(S. @"™) groups according to the median abundance. Single-cell RNA sequencing (scRNA-seq) data (n=23)
were integrated to analyze differences in cellular composition within the TIME between the 2 groups. For in
vitro validation, human (NUGC-3) and murine (TKM) GC cell lines were treated with S. a for 8 h, followed by
quantification of PD-L1 expression via (PCR and Western blotting. Cytotoxic function of CD8" T cells against
S. a-pretreated GC cells was evaluated by flow cytometry in co-culture systems. where S. a-pretreated cancer
cells were incubated with CD8 * T cells, and cytotoxicity was measured by flow cytometry. For in vivo
validation, a C57BL/6 mouse orthotopic GC model was established; the experimental group received S. a
bacterial suspension via oral gavage, while the control group received sterile culture medium, with continuous
intervention for 6 weeks (n=6). Tumor burden was evaluated by in vivo imaging, tumor volume, and stomach
weight. Results The abundance of S. a was significantly higher in GC tissues than in normal gastric
mucosa (P=0. 000 850), and high abundance was associated with poor prognosis (HR=1. 49, 95%CI: 1. 09 to
2.04, P=0.013 9). Analysis of the TIME using scRNA-seq data revealed distinct cellular compositions
between GC tissues with varying S. a levels. Notably, S. a" GC tissues exhibited a significant increase in
CD8" T cell infiltration (P<0.000 1), yet these cells predominantly displayed an exhausted phenotype
(P<0.000 1). Further analysis identified a subset of GC cells whose abundance is correlated positively with
both S. a levels (Spearman’s rho=0. 288, P<0. 000 1) and proportion of exhausted CD8* T cells (Spearman’ s
rho=0. 522, P<0. 000 1), suggesting their potential roles in modulating CD8" T cell function. Mechanistically,
S. a treatment significantly upregulated PD-L1 expression in GC cells (P<0.000 1). In co-culture assays,
S. a-pretreated cancer cells impaired the cytotoxic function of CD8" T cells (P=0. 000 526). In vivo results
demonstrated that the mice in the S. a gavage group exhibited significantly higher tumor bioluminescence
intensity (P=0.030 6), larger tumor volume (P=0.045 3), and increased stomach weight (P=0.030 6)
compared to the control group. Conclusion Enriched S. @ abundance not only reshapes the TIME of GC,
but also mediates CD8" T cell exhaustion and facilitates tumor immune evasion by inducing high PD-L1
expression in GC cells.
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TrimGalore (v0. 6. 10) 25 B 4% 3k F7 51 R 57 2 i , 3K
P08 Ve 0 Be TR ZE T X . il i HISAT2
(v2.2.1) B 3x 86 35 Be [ xF B N 28 2 % i A
(CRCh38/hg38) J5 , & H featureCounts (Subread,
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#abh237728,1:50)—4L, T4 CWFF LI K Hi#EfT—
PO S TSA 5 hRic, S R A0 R 58 iER — 5t g
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TKM 21 g 1 NUGC-3 41 it 7 51 7 75 10% Jify 2F 1L
% (Viva Cell, #C04001-500) 1 1% ¥ % % - 55 % K
(Thermo Fisher Scientific, #15140-122) ) DMEM ¥ 3%
3 (Thermo Fisher Scientific, #C11995500BT) #1 RPMI
1640 ¥ 77 3% (Thermo Fisher Scientific , #C11875500CP)
g A dHE T 37 °CL.5%CO, BNRIE B 346
WE . LRk ny g H 7 B 3G~H.
1.8 vEMk KAtsRAIF ARG a2

1637 CMTRA MR LS. a(ATCC, #33397) T i
L I2 Y& (brain heart infusion, BHT) I JE F M 55 3% 24 h
J E BWAREE R I Y . FES. o AbFRRT, FRATHE AN
JL ) 35 25 B B O N S R R R R I R B
H(multiplicity of infection, MOI)=504%Fh S. a 3:£55E 8 h,
X RELH N4 B CE BHL, LA 5 TR 3G~H.,
4 S, a fRBEFE AL B
1.9 ZEZPCRAHM

FEE 3G T FRATH R 3 14 5 2 2 IO G 0 3 R
FAXT FE K 7K - ¢ K P RNA $2 B0 7] 2 (TIANGEN,
#DP451) £ BUAN I RNA , 28 386 5% 53857 £ (TaKaRa,
#RR092A) & 8 ¢cDNA. LA TB Green Premix Ex Taq II
FAST(TaKaRa, #RR830A) K S WA & | 78 S H 5 6 /E
T PCRAX_E A CD274(PD-L1) 35, 51 ¥F 5 I F
/NELCd274,1E15 -GCTCCAAAGGACTTGTACGTG-3 ",
11 5'-TGATCTGAAGGGCAGCATTTC-3" ;5 /v i
Gapdh, 1E [ 5/ -AGGTCGGTGTGAACGGATTTG-3" , JZ
5" -TGTAGACCATGTAGTTGAGGTCA-3', ACD274,
1Em 5" -TGGCATTTGCTGAACGCATTT-3", )2 1] 5" -TG-
CAGCCAGGTCTAATTGTTTT-3’ ; A GAPDH, iF [
5'-ACAACTTTGGTATCGTGGAAGG-3" , FZ [} 5/ -GCC-
ATCACGCCACAGTTTC-3'

A 3 R 2 ik F LA Gapdh/GAPDH i N2 #E47 1
— Ak, I 27
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{8 FH RIPA 2% 2% vh & (Invent , #IN-WB001 ) 42 Bt
Y S, S BN 2 S5 B AR, iE 4T SDS-PAGE HiJk
IF5 22 PVDF B . 5% AR Wik 2 i 31 2 b, B IS
TE 4 °C T ¥ PVDF i 5 %5 5 £ PD-L1 ( Proteintech ,
#66248-1,1:5 000) —4iiFE 4% . K H L Z#Hi(abcam,
#ab131368,1:10 000) ZE HIF & 2 h, I 58 MR 3% o
F| FH Image-Lab 24 (Bio-Rad , v6. 1) X £ 1 Jii 5% 75 if
T30 o 2B I X N 3H.

1. 11 CDS8' T 2a fe A>3 44 4m g 2P Ao ]

K FFER 0P 2 M (ovalbumin, OVA) Y B ¥ 40 ity
FTOVA i 54 CD8™ T 4 i 4% 5K R 1Pk CD8™ T 4f
Mk, s 3R ST 4 IR S AT AR B 7 s AT
AR, AT OT-1 C57BL/6 /)N BRI JIE 43 7
CD8" T 41l Jfii (BioLegend #480035) , 3 # F 10% FBS,
10 ng/mL IL-2 (MCE, #HY-P7077) 1 0.75 pg/mL
SIINFEKL ik Bt (MCE, #HY-P1771A) iy 8% 75 £ vh 1% 4k
7d, A4 OVA ¥ 50 CD8 T4l . 3 i 18 % 75 4%
A EFE E FRIK OVA 19 TKM 40 i, K o B 1x10°/4L
B I8N 2 24 FLA, ANIE IS BEJS A S, o 545 R
FHICTE BHIALFE 8 h, AbBRAS RS, FH& A 10% 5 5
H-BERE R PBSTH VR FLAR 3 U, 44 1+ 1 He o] (B
P 22 8 h S. o A FL S A9 TKM 40 e 55130 i A
OVA FE5: 1 CD8™ T MY, JL8%5 5% 24 h, I EAL S
2 Y % BEZH (JC CD8 T4 ) . Fhds 35k 2 K B
B SRR 2 7N 10 ng/mL A 1L-2, G555 d 1]
FITC Annexin V/PLIHT KA € (BioLegend #640914)
ST AR T o %A T IR I ] 4A
1.12  Zmfedg 5a & HAsm

FEEIAB N PFAL S. a S 15 23 B 52 Wi Ji g8 240 it
BB FRATTKE TKM 41 A 42 B 1 96 FLAR H , 41 it I %
Jo, SFELHEAT S, (S, ") B BHI AR R (S, o) , AbFRELE TR
Je &4 10% 15 5% 2 -5 % R 1Y PBS T VEFLAR 3 1K .
8 BALINA 90 WL fif 5% 57 56 5 10 pL CCK-8 i
7 (BOSTER, #AR1160) , 44205 E 1 ho ) , i H il
BRSNS 4% FLAE 450 nm AL AR OGIE | LG P4k 41 i 35
FE I PE
1.13 A X AN OVA 4 CDS' T 2a e

OVA F 5% CD8™T 41 Mg 1 il 48 [5] 1. 11795 , K- 4
M43 R WL, 6 20 B R B R A5 (eBioscience , #00-
4970) M 25 1 %% iz 04 57 1R A W (eBioscience, #00-
4980) AU EEFRFE T AN A S, a R FUICE BHI Ab
PH8 ho AbFRLETRS WA . RS F4T PD-
1P (BioLegend , #135213)7F 4 ‘CiHEYG A T EfT5
TG4 €830 mino, Y €05 4 i 28 PBS Pk ¥4, 1 FH &1 1

Ji 171 £ (eBioscience ) HEAT [ 5 5 i B A B, P51
Ji5: 2% P TP 5 BT IFN-y (BioLegend , #505809) 7 i ki
B (Granzyme B) (#372213) M ¥t % L & (Perforin)
(#154305) HUAR AT MI P Y €230 min, YL o b BRE,
J& L A2 E R, IR T EALET A DAPT YLK}, 58
B MR o 2385 I ik X R 4C.
1.14 ARAFFELE

PLR 8 S 7 i 6 1 4D~H o A 5% B F 32
B W) ¥4y 6~8 JE U 1Y CSTBL/6 MEPE /N B (4R 2E 24
JHE) o A IR T T S R A R DA R R A A (A
HUNRTESS 5}10°AS TKM 40068) . iR e, 45 farJd /)N Bl
BERLAY JPT2EL L 452305 191 Ceell 27 SC B30 (09 071, 4%
4T A FE 2 I BHI(S. o VLS. a HEH (S. o) b FH .
Horr S, o BEH FIHE K 2x10° CFU. 6 85 , i3t 3% 1%
UG RGN TIE AR B, H2R FH Living Image
A AT R X R . R st/ RR, 5
FEH B AL R E IR MIE SR R

AT Bl W 34 HE Bt 42 42 5 K 2% SPF 9% sl ) st it v 1)
I, A G S B0 A e BR ki ZE 42 B K24 S s R A1 5
& 22 51 S b e 1 7 R iE AT (AL HES . AMUWEC
20257064) .
1.15 %it 247

AW H R SE Tt o BT A B SPSS26 FIR 4. 4. 0 %k
PFEAT o XEFAF A IE A0 AR () 8248 1, i 0 57k
A ¢ K B 5 W TR RO TE 25 40 A ) % 2 A i i)
Mann-Whitney U £ 56 5% Kruskal-Wallis ¥z % . A 7753
o7, % Kaplan-Meier T2 i A A i 2R 9T 2 AT
M. AR [A] A A 638 1 Spearman AH 36 P E
P50 B3 K3 N P<0. 05,

2 H#R

2.1 BRARTAES a LFEHTERE ML, 5

S.aFJE R & EHTFE R R

MR HRIRE S BRAHLUD S, o iy F 22
S, FATTE SExs 38 4] 1K 15 R EAE A 60 191 B 98 A
AFEAT T H R LN e, O A6 T e RIS 41l 19 77
B g S T G RN A-seq 088 (JEL 16 132 B ) hf
Wr S. a P43 (S. a score) TR R (B 1A) . FRATAH
R, BEALNS. o P B E T IEW B R (P=
0. 000 850, & 1B) ; %¢ Y JFi A 22 28 (fluorescence in situ
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A: UMAP of cell clusters from scRNA-seq dataset GSE150290 (n=23) ;

B: Bar plot showing differences in TIME cellular

composition between S. ¢"" and S. " GC samples; C: UMAP of CD8" T cell subclusters in dataset GSE150290; D: Bar plot

illustrating alterations in CD8* T cell subpopulations between S. " and S. "

groups; E: Proportion of exhausted CD8" T cells

between S. a"" and S. @"" samples in scRNA-seq dataset GSE206785 (n=24); F, G: Comparison of T, score (left), PDCD1 (PD-1)

(middle) and CD274 (PD-L1) (right) expression between S. " an

(n=434) (G) cohorts; H: Representative images of HE staining and immunofluorescence assay from S. a

d S. " samples in TCGA-STAD (n=408) (F) and GSE84437
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|
and S. @’ samples;

I': Quantification of PD1* CD8" T cells of indicated group. TIME: tumor immune microenvironment; S. a: Streptococcus anginosus;

UMAP: Uniform manifold approximation and projection; T, : Exhausted CD8* T cells
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