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Abstract

This study aimed to systematically characterize the heterogeneity of stromal cells in bladder cancer
tissues, explore their differences from normal tissues, and evaluate their potential value in patient
subtyping and prognosis. Using single-cell RNA sequencing (scRNA-seq) data obtained from the Gene
Expression Omnibus (GEO) database, we systematically analyzed the differences between bladder
cancer tissues and normal bladder tissues. Based on the identified cell subpopulations, we performed
consensus clustering to classify bladder cancer samples from TCGA patients, with bulk RNA-seq
data obtained from the TCGA database. The results showed that, compared with normal tissues, the
number of fibroblasts was significantly reduced in bladder cancer tissues. Fibroblast subpopula-
tions in bladder cancer tissues highly expressed genes related to the ECM-receptor interaction path-
way, while endothelial subpopulations highly expressed NOTCH signaling pathway genes including
DLL4 and NOTCH4. Based on cell subpopulation scores, we classified TCGA bladder cancer patients
into three subtypes, among which the G3 subtype had the lowest subpopulation score and the best
prognosis. In conclusion, fibroblast and endothelial cell subpopulations in bladder cancer tissues
may promote tumorigenesis, providing a theoretical basis for further exploration of the specific
mechanisms underlying bladder cancer. Furthermore, the molecular subtyping of TCGA bladder
cancer patients in this study may offer new insights for staging diagnosis of bladder cancer. These
findings enhance our understanding of interpatient heterogeneity in bladder urothelial carcinoma
and lay a foundation for personalized treatment.
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1. 5|

JB5 bt (Bladder cancer, BLCA)E i i WL WA /R RGUGMEMIE 2 —, 83T 90% ) 19 28 T JR %
FEAME[1]. AFREHIETISBIZ) 54.9 i, FETIRBIZ) 20 Jifl[2]. ERE b B NAENLE IR
PE 5 8 (non-muscle invasive bladder cancer, NMIBC) FILJZ 12 i £ 5% bt ## (muscle invasive bladder cancer,
MIBC)#F A, Hrhd)iL i F4) 75% 4 NMIBC, 25%A4 MIBC [3]. HLZE MR 5 e B
AR BRI A i, 5 AN EAE AN 5% [4]. HATA NG PEAS R R SRR EL . 2.
WREL AR RN B AT A IR R A Y BRI LS FRFR AN RIVE YT 7 G R EEIE SR L
[6]. EE="TZWAMER, BEbm S KAFTUE SCE AR RGP IR AR BT 51 5 FAEFR
29749 50%. BRIk, IRANENTIRG B I A B T R SR AR T T iE R R

JE5 It g i FAT BB L5 O 1A I R R B S i PR R0 . E 72 7 BLCA 173 1M SR I A
[F] 2B S AR e R IA R, SR H e PR T e R T A R R 4 e l6]. R 1A 55 (The tumor microenvi-
ronment, TME)//EAMBAA A B RES RS, WERIE RN FET AR (e 555 A4 i o1 Jk
JREFHIT[7]. BRI ZUF R TME F 40 540 o 3L R 2 5 Mg kB dE e 1228 KR yT N2
(AR [8]. IR ANERA IR A SN A B T4 s R fE - ALE . 72 TME o, JsiEAE OC R4 4E4H fid (cancer-
associated fibroblasts, CAFs)# iF Sl ik 22 Fugs 2 (e 2 iR & e [9]. MR EE2ZF S, CAFs mll it iR Fl ek
1 1 A5 5T (extracellular matrix, ECM)ZFAE R 2% . 4% 81 45 5% 3 45 7 X B4 5 0 5% DR o 4 DL 100 165 B
51{RZ&HE1[10].

AT T FH B A s LB o A, AR T RS DR B s 2 23 5 R R ARG, B AR R R
R o AN [ 40 B P A R AR AR o T8 S s A T IR T TR B OGRS 5 R IR AR, A LA RNA T
J¥(single-cell RNA sequencing, SCRNA-seq)5 % 4 =4, T4 Mo AR 155 Dt g i3 R 70 o = Fh
T, MR BLCA H MR R it o 1K S8 R AN BT ) B 0 A EMLRD, o TF R A 80R T 3R
W& AL 1 BT 18]

2. M5 7E
2.1. BuEskiR
A M IE R SR TE L5 A B8 5 (GEO, Wk : https://Awww.ncbi.nlm.nih.gov/geo/) 3B /Y4~ scRNA-seq i

PidE: GSE192575 7 2 Bls e 4L A [11]; GSE130001 5 2 filf it Je 2 4UkEA<[12]; GSE135337
B8 7 BB HE AL M 1 G55 157 4H2H, GSE129845 15 3 il 1E ¥ B Mt A ZARE A< [13]. A M TCGA

045 FE (hittps://portal.gdc.cancer.gov/projects/TCGA-BLCA)FKHX 416 151 55 Bt JeE FEAS it RNA I 7 5085 2 5o i
I RAE B

2.2. sScRNA-seq #iE4b1E

X scRNA-seq Edli b A7 i s,  JERRIE PRI EAL T 5 = AR 1% 4 DA R Bk 4 Jik [R5 i i
10%M40M . 2 R¥EHlG, K Seurat R #4611 SCTransform ikt AT 54l bt fb 585 [14]. 8
it FindNeighbors 1 FindClusters &R BIAHALE, F3ET UMAP SIEHHAT nT Ak 230 [15]. I A
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FindAlIMarkers B8 %5 % 1€ &% 40 M0 7% 45 AR D S R, 45 & 4 AR AR 0 YD R B il e R I 2 7Y . %2 i
HRE R ERRIE L TARC R (A 1(A): B -KRT7; WL 4Eiu-COL1IAL; WK 4fMu-VWF; “F
S NIZHM-DES; T 41/-CD3D/CD3G; #4f 2 IR 4 ili-CD14; B 4 ifi-CD79A/CD79B; E I 41 Jiii-CD68/CD163.

2.3. ‘AR B HR

1 H Seurat ZAFELXT SR 4l BT R4 H7, 81T FindAllMarkers B8 0% 72 -4 f W0 R R IA 1)
FRICFER . MRYE B R IAFRIC 2 R 4 AAE X 4 B B AT Th RE 225
24, BEREEESTSESERIH

KH R B4 clusterProfiler 347 3 [K A {4 i (Gene Ontology, GO) M #FE K 5 L K 40 i Bl 4= 13
(Kyoto Encyclopedia of Genes and Genomes, KEGG) il % & 4704, AR 2 55 41 M 0 Hh 40138 i (1) ¥ 7
Uige. [FIRHEH clusterProfiler kAT 34 K 45 & £ 53 #T(Gene Set Enrichment Analysis, GSEA), LA P <0.05 1E
NG R E R BIE . I pathview FF LS IhAE RTALAL. o

2.5. YmpRIE)E S

IZH ITALK R B0 7E BLCA A5 rF A0 T AH TR o 1220 5 32038 1 iR ) 4 e v e 2l
RS RIEHIIER, JRRIL S BRI - SR K ZE AT UL HC, AT 1f 5 4 A ) s ] A5 2 R e k- 32 £
HHAEM KRR

2.6. EEETR5SHT(Gene Set Enrichment Analysis, GSVA)

BTS20 RNA 55005 P hRa 40 M s R 2T 4 4 RN P 5 20 B S5 P (R AR R TR, G B RO
BT B R R AE LR 4 o SR R AR GSVA L RISEAR o0 M ik, F TCGA B i 3 4
W R REA AT WAV VAR [16]

2.7. B

fiFil Monocle3 R LB A S50kt I AR AT A IS0 BT, RUH S5 RS R G MO IR, O
F L RIS e 2 M PR 17].

2.8. B A BIEM LI (Gene Regulatory Networks, GRNs)

S DR R 5 X 4% R A R A0 ISR AR R S I e SRS, 3 A S DR 7 B SFL R AL [ ) B DAL 4
W2 R IBEHOE P ISR R 7, BATHE DU 7 O O R R 4, 25T SCENIC Jrigkit
ITIFRIERLA ) o e sk R 45 A B U SRR T JASPAR #(4s /% (https://jaspar.genereg.net) .

29. —HMRESME I

T4 M B4, SR R A ConsensusClusterPlus 77 (K70 s B — B0k B8 2K B4l B 29 B i A8 5
F Efa et . A survminer #4421 Kaplan-Meier 4= 47 # 2k, ML [FIE FEDE 7 BB 10 s AR A I %=
5, JFiELE log-rank #5603 T Gt HLE 18]

3. R
3.1. Rt A LmpaEiE
NN IR B AR ML, FRATH A FEE R FE A R 3 B R . 1 Bl 55740 2R K 10 e
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Figure 1. Single-cell transcriptional landscape of bladder cancer
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L(E) AR 1 B FE A 240 28 L 1) 81 73 A1 B A IE W 2L 2R B 2H 2R A I L 1) 3 2528 A o 70 #T S
SXIRAIALE, BLCA I sl dE4n g L ) 225 N (P < 0.001), 1SR Lu (il 2B B EThEss . (H
FHERRE, BV SR IUPE M A M R B 25 AR S R o o e ) e IS D e 2 25 R S S 4 i
B, ARSI AR R T A S R G E AL, B G B A IR AL P SO A o 4
PR EE R o K T R N FRAR IS e e ) A SR LA B A3 7 2 S 440 e A= 2 B

3.2. FRETHERMS BB & & R REXIER R

WIS, AT ARG A AE 55 I e AR R o vl e R 4 B AR [9]. 1@ R, RATHE AT 4E 40
T 8 ANERE, JRAYE T R ERE (5] 2(A)). 4T RE TR E 1 % BET 4 20 B R A b
LR R IATE (5] 2(B)). AR IR BT 2 20 7 % R 25 a2 w0 B A 29 A7 (1] 2(C))

WEFE R, CLEC3B BH: R er 4E4m il (/5] 2(D))E BLCA 4 b i L 2 A T IR 4L (& 2(C)).
BRI FL R, C BBERSMIBEE 3 it B 2K (CLEC3B)TE £ Rl ik (1) i id AR H4Uh RIE T
Wo GSEA 73Hr iR, ZWHFERIL ECM SZARAH BLAE B ER AHOCEE R (8] 2(E), K 2(F)), #R-H AT e
Tk A 4 M A 5 s e TR A

THAFERE ML, MCAM Bk BT 4 4 A TR (P 3(A))E BhRg 4 b 3 2 1 hn B 5 te e (19 3(B)). A
RICZ WS TS OGS, FATEDHT 10 N mRisbrid ik H, @it GSVA Jrikit 5 TCGA Bttt
AL RELE Sy 3 AT TG 20T o A AE IR B, MCAM A B 2T 45 40 o 272 w8 1) R 2 4 TS B8 i 22 (14
3(C)).GSEA 7y Hrak Wi I 2 35 = 4 T WNT 15 Sl % (14 3(D)), $&/n vl ReA71E H 7 WA B35 70 WA 1) WNT
S5, FRATHED MCAM AT BEE R % WNT 38 B S0 s (oA 855 . ZEBE bt TME B 5, WNT
T % PR SRS T T T A T L 1 e A DG AT 4R A PR (CAR) R AL 54k, (R IR AN o 9 if A 26 &
KA MRS . X R IAER, MCAM FH 1 A 440 i i 305 WNT @R okzh TME =%, i
AR HE S gt Je, SR aZ A O B3 WNT (55 5053 1T e AT TR TT S0

Y1 fo @ R 4 M K B, CLEC3B PHYERCAF4E 4 i 5 M A i /7 /2 B A B AR, T EEd
COL1ALl/ITGA2. B2M/EGFR ZEHiAR - 244X SEFL. 1) MCAM BRI sl 4E4nffa j aTidid 1L8. CCL5 4%
AR PR 1 T M e (] 3(E)). X EL R IR 1A 7] B £ 4 4 i S A ik 5 e 1 2 L 2 5 R
A ET % o

ik — 5 1] B T AR 2 PR T R TR LR, FRATTAG T 1 P 2 24 i P 5 DR 428 I 2% (GRIN) o 129 2% 1]
R 53 R )\AS LR B (] 3(F)), 70 il VAH2 2T 4 20 Hf ok s SR R R IA . R0 B, MCAM BH 1 7 8
Flebti ¥ s K1 ASCL2 [, T CLEC3B FHME N HF N B KLFL3 ¥ K1 Bl X — R IM AR E L )=
TR 7 T RO 24 240 Hi S o P P 42 kA

3.3. DLL4_NOTCH4 PR IRz 4Rpa I B ZE St S B X S8 E

IR GT N R AR E IR e TR AR, BRI 2RI 230 10 AN S ) A o i T (1] 4(A))
I I A0 B R S AT e T A R A T B )RR A A e R (B 4(B)) . WA K ILAE BLCA A h
DLL4 NOTCH4 P Py Sz 40 B WV 2 5 bb B e (141 4(C)) o5 Sl g 0 M B, 1% W 5 %675 DLL4.NOTCH4.
HEY1 %5 NOTCH 15 5 Jf i Ji& [R B LAt Jifr g AH DG IE % 5 (R (1] 4(D)), $&/nHmT kil i NOTCH 15 5% 2
5 g A L T SR AR

RS 38 4 M R T R A Ak B AR, 45 R R EN_DLL4_NOTCH4 IV #f Hi it 4f T #
EN_SELE Zpfbifizk, FAOL TR SCHAR SR (18] 4(E), 1B 4(F))o X —KIUE7R T2 IAEAEA B A1 1k
IREFEH R R AT, R WL AT AR P R 20 AR TR SO B8 e 2R A ) SRR AS
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Figure 2. Identification, key marker expression, and functional enrichment analysis of bladder cancer-associated fibroblast
subpopulations
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Figure 3. Functional characteristics and interaction network analysis of fibroblasts in bladder cancer
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Figure 5. Prognostic value of tumor cell subpopulations and consensus clustering analysis in bladder cancer
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BT RN REVE 5, SR — B0 R RN IS IR R AR K 2 S = A EE AL 5(C)). A RR
B0 RAE R [ 20 W R V) b AR 22 7 (18 B(E)). AEFF R G3 WA E BT G1 A1 G2 7Y
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