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Notch-RBPJ axis promotes formation of Helicobacter pylori vaccine-induced gastric

CD4’ tissue-resident memory T cells via transcriptional activation of CD38
BU Lingyi, TONG Jinzhe, ZHU Junyan, XING Yingying School of Life Science and Technology, China

Pharmaceutical University, Nanjing, Jiangsu, China

[Abstract] Objective Tissue-resident memory T (Tg,) cells play a key role as “immune sentinels”
in mucosal immune protection. However, the molecular regulatory mechanisms underlying the formation and
long-term residence of gastric CD4* Ty, cells induced by Helicobacter pylori (H. pylori) vaccination remain
unclear. This study aims to explore the key molecules and signaling pathways affecting Ty, formation,
residence, and survival, with a particular focus on whether the Notch-RBPJ axis transcriptionally activates
CD38, thereby revealing the specific molecular mechanisms underlying the formation and long-term
maintenance of gastric CD4* Ty, cells induced by H. pylori vaccination. Methods Single-cell RNA sequencing
(scRNA-seq) was performed on gastric tissue CD4" T cells following vaccination. Mice were vaccinated via
subserosal injection in the gastric wall, with gastric tissue and splenic lymphocytes harvested on days 21 and
28 for multicolor flow cytometry analysis. Immunofluorescence co-staining was conducted on gastric tissue
sections from mice on day 28 post-vaccination. H. pylori vaccine-immunized mice were continuously
administered the RBPJ-specific inhibitor RIN1, and the changes in the proportions of CD4" T cell subsets in
gastric tissue were analyzed by flow cytometry. Primary murine CD4" T cells were isolated via magnetic bead
sorting and treated with the Notch pathway inhibitor RG-4733 or the RBPJ inhibitor RIN1 in an in wvitro
culture system. The treated primary CD4" T cells were harvested for multicolor flow cytometry, and total RNA
was extracted for qRT-PCR to assess the mRNA expression levels of target genes. The PGL3-CD38 promoter
luciferase reporter plasmid and an RBPJ overexpression plasmid were constructed, with overexpression
efficiency validated by qRT-PCR. The CD38 promoter reporter plasmids, RBP] overexpression plasmids, and
internal control plasmids were co-transfected into 293T cells, and luciferase activity was measured in 48 h
later. Results The Notch-RBPJ-CD38 axis was selected as the key factor influencing the establishment and
residence of gastric epithelial CD4" Ty, induced by H. pylori vaccine CCF/SF. On day 21 post-subserosal
immunization with the H. pylori vaccine, gastric epithelial CD69'CD103"CD4" Ty, cells exhibited significant
activation of gene sets related to the Notch and Hedgehog signaling pathways and others compared to other
gastric CD4" T cell subsets, displaying the most pronounced differences. SCENIC analysis revealed a
significant correlation between the core transcription factor RBPJ and CD38 (P<0.05). Beyond typical
residency-associated molecules such as CD69 and CD103, elevated mRNA levels of Notch I, RBPJ, Gzma,
and Gzmb represented characteristic features distinguishing this subset from other CD4" T cell populations.
GO and pathway analyses suggested that CD4" Ty, cells might possess dynamic proliferative potential.
Subserosal surgical vaccination with the H. pylori vaccine CCF/SF upregulated the local expression of Notch
signaling pathway-related protein Notch 1 and promoted protein expression of the key transcription factor RBP]J
(P<0.05). Blockade of the Notch pathway significantly reduced the proportion of resident Ty, cells in the
stomach. [In wvitro experiments confirmed that Notch-RBPJ pathway inhibition decreased CD38 protein
expression, thereby reducing TRM residency. RBPJ directly bound to the CD38 promoter to regulate CD38
expression (P<0. 05). Conclusion Following H. pylori vaccination, Ty, cells exhibit activation of the Notch
signaling pathway, characterized by high expression of Notch 1 and RBPJ. This study confirms that the Notch-
RBP] signaling pathway transcriptionally regulates CD38 expression, representing a critical mechanism for the
residency of gastric epithelial CD4" Ty, cells.
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F M (silk fibroin, SF)7E /N BB R i i Dyifs 5 T Fe e
1 _FE2 CD4™ T, 40, i CD69"CD103"CD4"
T 5F CD38 P2RX7 K TGF-BRINAS T H. pylori
EHE S E DA T, IR 505 88, (0 BLA
AE FHE B 5 ML i A BB R, ABRSE BEAR S
H. pylori % 1 CCF/SF S i B rh A48 B L 2 441
CD4" Ty, B 5 5 B B DGR 43— BLAI , O B 1 i
55 R W, DL AE s I Ak R R 9 1 SR g 1Y T A
B

1 #R57FE®

1.1 %z

6~8 il SPF 4% C57BL/6 it/ NR (AT 18~22 ¢),,
W [ Be M B B s W S g vl S T A A ) TR
ARRAF L FFE T EGRR =L, A
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(v10. 0. 7)#HAT IS 250 H -
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Plus) #4756 . ¥ RBPJ it iAok 5 PGL3-CD38 i
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JCE BTG E . 83 13x 2 D REBEAR AU AFE 560 nm (3 K
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CD38 i 8 F R sl i e YL 2R il 1 1% -
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HERFE Notch 38 FERTAR P Ty B BRI, 457N R
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H. pylori #& 1 CCF/SF %% , 55 2.5.8.11.,14,17.20.
23 S50 2 i s R ST DMSO [ RINT(0. 6 mg/kg,
MedChemExpress ) , % 88 21 i I 1 5 45 AR FL ) DMSO,
T4 28 RAMGE/NEL, HUE R4, i ad 26 i =040
JEARAE I S I K7 2148 CD4™ Ty, Al
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I
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PRI IRAT 2 min, FIEFHE 3 min, B E 4 CE.OHLA,
FETR 2 415 xg 850> 15 min, /N0 W 27K 40 2 TG i
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20 min. 4°C,2 415 xg 0> 15 min, 3 B3, R A
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Vit o (PR E 209 qPCR & R % A0 £tk

1T mRNA k5%
1.13  qRT-PCR#:7 RBPJ .HES5 #2 CD38 4% & /K -F

F A H LR AN S B Bt RS 14, Wk 1.
3 wL DEPC /K .5 pL. ChamQ Universal SYBR .0. 5 pL I
W59 .3 wl cDNA 0. 5 pL RS 198 1 S UWIA AR,
FWARRE R FAEER 95 °C 3 min; PUEER (407K )95 ‘C 10's,
60 “C 30 s; JEHFT B 95 °C 155,60 C 605,95 °C 15, L)
53 #1 RBPJ Notch £ WL IL Rl HESS L Je CD38 )% 5%
KPR

&1 qRT-PCR5|#F5I
Table 1 Primer sequences for qRT-PCR

Gene Primer sequence (5" — 3")
GAPDH Upstream: GAGCTGAACGGGAAGCTCAC
Downstream : AGTGTAGCCCAAGATGCCCT

RBPJ] Upstream: GGAGAGGAGTTCACAGTTAG
Downstream : AATGCCGTCTGCTTATCAA

HESS Upstream : CGCATCAACAGCAGCATAGAG
Downstream : TGGAAGTGGTAAAGCAGCTTC

CD38 Upstream : AGTGGGGCGTAGTCTTCTCT

Downstream : ACTGGAGAGCCTACCACGAA

1. 14 FAasit 5B

15 DHS o J8% 37 25 48 L oK B ff R, A 1 L BTkE
DNA(100 ng/pL) 22z 40 5235050, 7K 30 min
JE AT 42 CHH 45 s, ST BI VKIS 2 min; i1 900 pL o4t
LB 53535 37 ‘CHEH 1595 1 h; B 30~50 pL 35 5905
A T 5Pk LB AR, 37 CHE % B EA VR IE I, iR 48
7 R U B B A B 15 mL T, 2 834 Xg, B0 1 min
WA A, 55 13 s B0 MURTRAR AR A PL P2 E3
S PR A B B0 e i i Endo-Remover FMAE, JITA
SN EEIUE DNA , i ] Spin Columns DL #:4i4k , 5 )5
1 Buffer PS.PW &% , 5 5 /| Endo-Free Buffer EB ¥
JU, 0 R B S 20 “CARAF o
1.15 Western blotting 5 354 RBPJ % & & ik /K -F

iz b Ve R A R S U B, L UImACE
JE W T 2 e 2% v, I I G AR B RN AT
SEBE B 15 min; AIA 1.5 mL_FJZ BT 1.5 mL
1 JZ B2 v N 30 L B B AMIREE R A TR SRS A
10 FLFR AT ; 755 L2 B B 1 J5 in A (1) FL Pk 28 i 4k 2
Fa AT H Uk ERAE . 25 H Marker #1485 A AL 2 TR
A7 b AE ;80 VE K HL UK 30 min, B % % 100 V H
HLUK 1 b 4288 1533 R/ IS s #3E 45 RK/INER BT A
N PVDF I pRic & TR AR, B 2 =W
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1B 7 Je 5200 5 400 mA T JEAR LY A B[] . 5 EE 4G
Je BUHS PV DF 5 4 =R ST A 1 s PAT p  A
2~3 h, B L5 HE I (1x) TBST ¥ 08 B8 3 W, K
10 min; % PVDF BT 7 B BC il 451 — B b T vk AR 4 °C
I B A 5 FH (1x) TBST ¥ Wi 1k PVDF - 3 K, BRIk
10 min; A B E LA —PUE R E I A 45 min; (1x)
TBST 35 ¥ 3 K, £ K 10 min, PVDF & _L i A B
SR T EEE UG AL TP R 45T
1.16 %t 547

K H GraphPad Prism AT 58 11270 Hr . 4R
] Fb 35 R ST REAS ¢ A6 50 5 22 28 ) L AR HT S R R
J5 225001, I U Tukey W7 S 5 2 H LK . £ 4T
A2 Y B S5 A0 P O L SR FH Wilcoxon Bk AL 56 F
1725 53R HT , TR BEAR HE E M < [Log2(FC)1>0. 25,
Benjamini-Hochberg £ 1F P<0. 05 | iz /N 32 15 41 fifd Eb 4]
>10%) , e [A) B 2 bR 3T 4% AU P<0. 05 Fy 25
SHA GRS,

2 HR

2.1 NotchfZ F @R HFARXRDHF A LA
CD69°CD103°CD4" Ty, 09 32 A 45 42
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A 1SNE plot of CD4" T cells from gastric tissue on day 21 after receiving H. pylori vaccine CCF/SF; B: Quantitative analysis of the gene set

expression and activation of CD4" Ty cells in gastric epithelium; C: tSNE plot of CD4™ T cells from gastric tissue on day 21 after receiving

CCF/SF vaccine; D: The detailed distribution of Notch 1 genes; E: The activity level of each gene in the gene set of Notch signaling pathway
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Figure 1 Single-cell transcriptome sequencing-based quantitative correlation analysis of Notch gene set expression and CD4" T,,,
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A : Potential binding strength of the transcription factor to the target gene, based on SCENIC analysis (top 24 high-binding targets shown) ;

B: Expression distribution map of CD38-related genes of transcription factors; C: The distribution of transcription factors of in whole single cells
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A : Enrichment analysis of top 15 GO terms; B: Enrichment analysis of top 15 pathway terms; C: Enrichment analysis of top 20 GO terms ;

D: Enrichment analysis of top 20 pathway terms
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Figure 3 SCENIC analysis-based Gene Ontology (GO) and pathway analysis of Cluster 4 T, cells
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Figure 4 Heatmap of the top 20 upregulated marker genes identified through differential screening
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A Expression distribution of high-expression transcription factors of Ty, and subsets; B: Expression distribution of low-expression transcription

factors of Ty, in all clusters; C: Granzymes and cytokines of CD4" T cells from gastric tissue after receiving CCF/SF vaccine
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Figure 5 Transcriptional regulation of vaccine-induced CD4" Ty, cells in gastric epithelium
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A: Representative flow cytometry histograms depicting Notch 1 expression in gastric and splenic CD4" T cell populations on day 21 post-

vaccination; B: Quantitative analysis of Notch 17 cell frequency among CD103°CD4" versus CD103'CD4" T cells in gastric tissues on day 21 ;

C: Histogram profiles showing Notch 1 expression patterns in indicated CD4" T cell subsets on day 28 post-vaccination; D: Comparative

quantification of Notch 1" cell proportions between CD103°CD4" and CD103'CD4" T cell populations on day 28
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Figure 6 Detection of Notch-related signaling pathways in T, cells
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A: Colocalization of CD4, CD69, CD103 and RBP]J in gastric tissues of mice on day 28 post-immunization; B: Schematic diagram of continuous

administration of RIN1; C: Representative flow plots demonstrating CD69 and CD103 co-expression on gastric CD4" T cells; D: Quantitative

comparison of CD4" T, cell frequencies in gastric tissues between RIN1-treated and untreated mice following CCF/SF vaccination
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Figure 7 Detection of Notch-related signaling pathways in Ty, cells
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