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Abstract

Transcriptomic data and corresponding clinical information of bladder cancer were obtained from
the TCGA-BLCA database, and pyrimidine metabolism-related genes were collected from the MSigDB
database. Consensus clustering analysis was performed to identify molecular subtypes of bladder
cancer, and differences in immune cell infiltration characteristics, immune checkpoint gene expres-
sion, somatic mutation profiles, and drug sensitivity between subtypes were systematically ana-
lyzed. In addition, differentially expressed genes and key modules were identified using differential
expression analysis and weighted gene co-expression network analysis (WGCNA), and a prognostic
risk model was constructed using Lasso regression to evaluate its predictive performance. The re-
sults demonstrated that bladder cancer patients could be classified into two distinct molecular sub-
types based on pyrimidine metabolism-related gene expression, which exhibited significant differ-
ences inimmune microenvironment characteristics, tumor mutation burden, and clinical prognosis.
One subtype showed an immune-activated phenotype, whereas the other was characterized by an
immunosuppressive microenvironment. Furthermore, the constructed prognostic risk model effec-
tively stratified patients into high- and low-risk groups, and the risk score was significantly associ-
ated with overall survival. These findings suggest that pyrimidine metabolism-related molecular
subtypes reflect the immune heterogeneity of bladder cancer and may provide valuable infor-
mation for prognostic evaluation and individualized treatment research.
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1. 518

i Bt 22 (Bladder Cancer, BLCA)JZ # WL I WA IR RGeS i 72—, BRI R RME R E, Hr,
WL Z R LI B £ o5 5w B 1 75% L0 o RE TR, W7 LRibT AWk g, S8 EAE
wEZER, HopTHH] AR AL,

iy AR 6 G R A N A R R AR R R I L B bR A 2 — . ERE AR (Pyrimidine Metabolism){E A%
T A BRI B AR () DG BEE 1, TE MR AN 35 . DNA B8 Ky s p RIEEEER .. CAMARY, B
e A U A DG ik DR E L s mT ey [X 23 i ¥ #ioRg 7, RLCAE RS It g o IR/ AT Bk = R G
I, AW T B A T e A A OGS DRI B e R AT 20 28, IR IR ONAR I G % TR B R I PR T S = X
[2].

2. ¥ E55/%
2.1. BIERES AR

AT 5T FH I e i 2 S 4L 05 5K Y5 T The Cancer Genome Atlas (TCGA) % 2 th i J52 e ik 2% b iz
T H (TCGA-BLCA). FLghN 416 B htse 3 i) RNA-Seq ik B Kon B (Il RS 2. R FIABIE
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M %

KB EAC AL B IS ) S AR IR FE R, H T IR 22934

% A G U R 56 3k PR 2 5k Y5 T Molecular Signatures Database (MSigDB), 38 B 5 W i 4 1 2% AH 56 (1) 3k
BRE B AR G o X DR IR FE MR AT 38 3E, {RBH/E TCGA-BLCA #fls b BA e B3R (5 Bt
AR DI R T 5 220 AL A T [3]

2.2. IETEASIRX S BHE

BE g AR DI H (R IARFE, RA ConsensusClusterPlus R 5 fis e A< i 17— 55ohE R 20
o BESEIAR oh R F R IRBE 50 PAM JRRE0VE, Jlid B G AR 1000 R UAVF Al S8R 48 R fa e 1k

AR — B0 R A ) SRR A1 B BU(CDF) 26 & deltaarea H14%, 4% k=2 i, CDF HiZkAl=
BN, HAN B, nizadlr sCRABIFIRE R EY 2 G Bk, Bk, mar
I s RE 443y Clusterd F1 Cluster2 /M AR AR G ML AL [4].

23. ERTESHEEERSH

BT R BT limma A3 XF s ng A7 AL AT 22 5 0k 70t . 22 53 BE DR i A v 152 5E M [logaFold
Change| > 1 A IEJ5 P {E(padj) < 0.05. st F i 2 53 2 K FH 1 J5 2L Th REE R 40 #

X} 7 S B K 54T Gene Ontology (GO)IhfEE 0, LARFTHAE AL #2(Biological Process). #fiffl
4 B (Cellular Component) 2 41 Zhi it (Molecular Function) J2 T 9B £ B2 75 L. B RUKIEE P E
< 0.05 0 & E HERE[5].

24. MERERIFES T

N Z GEEAL AN [ s i A S0 7R P G 28 A IR TR E , R CIBERSORT 5.i2:%F TCGA-BLCA FEA
22 b e LI AR B ATl T . USRS CIBERSORT Zp 4t Birf P {H < 0.05 MIFEAR /5424
ST o

[FIEF, KA xCell Sidit— 20 %F 2 Fh Ao 5 S 36 AN B 2R AU AT VR, DAY B S e iR T Aok FA vy 1k A
ATEEME . I 2 BVEAS IGAE, LA T AN BV ZAE S 4 A B % i R R IR 25 T Y 22 52 [6]
25 BEKEELSHELDH

o AN [ 1 g A 34 7 R b B AL S A A 5 2 T (B PD-1. PD-L1 25) ik /Kt AT b . Jld
Bl 9 2L 1) S 2 G A P R PR ) ik 22 5, YA AS 7 W 7Y R 3 40 52 4 SR RO A S R SR VA T BT AE 3R 2 AT
BE[7].

2.6. INIEREHRIEME S HT(WGCNA)

KH WGCNA R @R g L R 3Lk 4%, LRI 5 BE eI S 2 oA 35 2 DA S i JE DRI B . 50 %
FER KRBT REIATREAR RIS, BT WA, B G 08500 M3 R LA 2 Tobs B R 48 4 1

T E AL R A W 2% J5, I Bh A BT ) Sk R B AS [R] 3 A B, 9 T S B AR 4E 3 K] (Module
Eigengene). K %1tk 5 ESTIMATE G 0 #- AT A S 40 M7, i 5 e J2E AR 5 360 38 MH O () O B L B
HE—25 0 H bR e b i 38 R HEAT 2R 1 AR (PP 20T, DA I AE A% O il i JE R [8]

2.7. FFEFHES T

FT TCGA #5828 13 F ST f4: (Mutation Annotation Format, MAF), 5 AR [7] 1% i A 1 7. 784 ) 44 241 i
RAPFAE AT R G0 o LA ALAE JCB R AR IR | RAR A J . F 4% 471 4 (Tumor Mutation Burden, TMB)
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JrmRZE S, FFEE AT SRR AR RFAE[9] -
2.8. HMRAETM S 4T

K pRRophetic R 403k - 55 21 2308 e T 155 T 5838 6t 3 P AR 250 B B0 1R 25 0 )~ K ik
JE(IC50). BLAAN e g e AU R AE 22 Fe 25 W) UM T 22 5, AP B R IR T ONRRAE, N MAfk
69T Fg AL -

29. MEHEREMESEE

FET PP e A U S0 AR (1 2 S Rk BE R, SR Lasso-Cox [B] A 23 47 7 %k 5 & 44 A 47 (Overall Survival,
OS) i E AR AR IE [N, FEA R TS KU A3 B . Lasso [ V38T 51 N 11 2 B AR AR 2 F L2k Mk 1)
B2, AAREE B RBOR N 0 R PR R R . XU T3 (Risk score) (iH 5 202 R . Risk score =
Po+Z(BixExpi)o o, foRnBIRIEEE, B KR | ANSERXT R ENE RS, Expr RoniZ Ik KIEREA T
MR FRIE KT o AN NAEE Y (10 JEE DR R HOF B2 ] 9 R 00 L e 3% S

AR RS VP 3 1) A A, 0K 5825 K1) 20 Dy s AR L AMER XU 2H . J8 3 Kaplan-Meier A2 4743 BT EL A ] AL
B 2H A A7 22 5, FER BT AR PE ROC I ZR PP B AYAE 1y 2 A0 3 AR AEAZ T b R PE . [RIES, #%
PRSP 735 fe PAC 75 B A (L AR08 PRSI % TNM 43 ) LRI N B IR 3R K 2 IR 3 Cox [ 40 #T, LLITAS
KBS ST TG B . oAb, @i v sk #2823 Hr(Decision Curve Analysis, DCA) WAl JXU: 15 4 78 Il PR
YR SR R IR LR B F A AL [10]

2.10. GIHEFESH

BB Gt Wi AE R A 855 (R version 4.X) 58 il 242788 5K FH Wilcoxon AR SE BY t K 4033047
P, R AR TRE S . XU P A < 0.05 AN 2 HA Guit % & X [10].

2.11. Human Protein Atlas #EEEI&iF

N3t UG IE T AR OB I DR ) AR AR AIE R ERRS: D 0 AR 7R v (] ) R e 2 o (i A v R AR
FL[K, FI M Human Protein Atlas (HPA) %4k e of FLAE IE 5 J55 D2 23 5 155 bt s 2H 43 o ) 2 1 A 1 DL AT e
PEHAL I T o IR LA ) L 2R v e BE2H AL G iR B e IR AT R AIE PP SC B 3 PR 2 KT B aRIA 22

=X
FF o

3. &R
3.1. BEIERIEEXS FoRNEE

JEF TCGA-BLCA BAF Hms g AR AH S JE LR il 2K 1 , SR ConsensusClusterPlus 575 5% e e FE A
AT — BRI @ PO R BESR R 1 RAA0 eR B(CDF) 1 26 /¢ delta area MRS 4b 1AL, 4
RHRH k=28, MERFTIE NEE, HAN—SHER S, &m0 87 X B AR et Fi,
B 2K TR e R o 2 AN AT AE S o RS, 43 Jil i 4 oA Clusterd (197 f91) A1 Cluster2 (206 1)
3.2. AFEMBIER BTN ERRAFAERINGEEE DT

X} Clusterl #1 Cluster2 PN 34T 22 e Rk by, FLIRIE SRS 2651 22 RIA KA, H Lk
1793 4>, NiAJEDH 858 AN, 7 Rk A 1 i An 1 M |logzFold Change| > 1 HARIE )5 P {f (padj) < 0.05.

GO Thae B HEME R E R, X2 RRENEAYHRZEMFEEET T AiEth. A9,
G 2 N B R 5 S5 G M DB %, R AN [E) W e A P AL A G S Th IR S T AR B 3 2 7 (1K 1)
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Figure 1. Functional enrichment analysis of differentially expressed genes among pyrimidine metabolism-related subtypes
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3.3. AEIMELELR 5 IE B A% 5 i 40 B 24

K H CIBERSORT Sy Al 19 s g AU 0 R ) S e AR i i 15 V0L . 45 27, Cluster2 ' CD8* T
YA EVRHEBIYE T 40 A K0S AR SODR A IR 7K S 2 3% T Clusterd; 1M Clusterl H M2 AL E g4 i
(I K 2 T

3R A xCell FLIEXT G S B B 4l 04T 73 4, 45 R oK Cluster2 Hh CD8* T 4. NK 41 %

R E WA VP4 235 s T Clusterl HiiAHOC AT 4E4H i (CAF) S N R 4l I o4 B T e 256
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Figure 2. Immune cell infiltration characteristics of pyrimidine metabolism-related subtypes

B 2. MRuE A8 5 T BY #9572 40 AR EAHE

3.4. FEMEIEA IS T BRI E mRIAFFE
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Figure 3. Expression differences of immune checkpoint molecules in distinct pyrimidine metabolism-related subtypes
3. AEMEERSHEXTR P RRES D FRREES

3.5. WGCNA 47 B < i@ s S 1E AR R Y i ik

SR FH ALk DR 3 05 X 45 43 BT (WG CNA) 14 2 JB5 Jpe i ik IR 3L R TE M 2%, IE 5 ESTIMATE Sz vF- 4y it
TR T S5 E7R, Turquoise A5 Gl VF 7 AR DGR SRR, WA 2 55 15 IDE R S P T 1 A 25
VIR RIS

e Turquoise ER A () 38E RIFEAT 2 1 ELAE IS8 (PP AT, IRk H 2 T BES 5 G A 1 5%
LR . Hop, CXCL10 7TEMZH b T O E, HERiEn 65 % ia T Ut s 5 (& 4).
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Figure 4. Weighted gene co-expression network analysis (WGCNA) associated with pyrimidine metabolism-related subtypes
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3.6. AEIBIER 5 B HOSETIFE D4

T TCGA HRAERI AR EE, XA R i AR S 2 R 4 g SR AR AE AT 20 b1 o 45 SR B 7R, Cluster2
1 TP53. TTN FI KDMBA #5825 45 % i, 2% =7 T Clusterl, i Clusterl #1 FGFR3 1 ARID1A {1245 T Ny
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Figure 5. Somatic mutation characteristics of pyrimidine metabolism-related molecular subtypes

[ 5. IEIEAISIHE X 5 F LB A R 4R AR SR R HHIE

3.7. AEImENE AR AP R ER

5T pRRophetic 5725 RN A [7] 1% g A 1 7 A4 06 AT 259 S B ) 25 W) I U . 25 R B,
Cluster2 X} Jiii%1(Cisplatin) 1 35 75 fib 5 (Gemcitabine) i Tl 1C50 {2 E K T Clusterl, #&/nHx) Fkiby7
2P NI

FESR [ 25 77 TH , Clusterl %t FGFR #1177 (40 Erdafitinib) ) 7 &Us 1 & 25 =5 T Cluster2, 1fij Cluster2
ATREXT PISK A 72 I Hh B s st o B & SR IR AN [m] s e AU 2B A VR 7 S S THI A A BH 8 72 ¢ o

3.8. MEMEERE MR ST

T PR e A A (2 Rk SE B, SR Lasso [HVA iRk 5 B AR AL AR AR DG R L B, IF
P A T J R VP A o R A XIS PP 57 B0HKE RR 8 43 DAy v DRSS 4 ARMER R 26

Kaplan-Meier 24773 #r 4t R, e KU 2H S ) e A AR A7 20 1 25 A TR XU 4P < 0.0001) . i [A]
Wi ROC HIZE A #r iR, 1ZARAUTE 1. 2 F 3 AFA A7 T ¥ AUC 43 519 0.792. 0.818 #10.774, i
ANEIY B ) P R

BE— B RR AN 2 K 2R Cox [BE 73BT o, RS PP 7 FE RS T AR 8 M) 22 e o R 45 I R R R U5
IR B AR S TS R 3R BT R VP W B (R B R mT T T B 1. 2 70 3 AR AEAE AR,
T HE 28 2 oS TR 25 5 5 S B i e 4 SR LA e i — 35 (] 6)-
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Figure 6. Kaplan-Meier survival curves and time-dependent ROC curves
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3.9. XFERNERRIERIE

HPA 548 13 4 25 AN 5 L S5, 0 R 20 Xl 35 DR 7 o e 988 4L 4 b 3 3 S T BB P ek e s,
TETE 3 AL 2 Yt i 95 5 R B M 363k . FR S5 SAE B 11K P SR T B S LW op B W 8R 38 fry F ik
S, W BIGIE T FTRIE T R [ AR A A T
4. g

UTAE SR, AR B G R I 2 R A R 2 — , AN 2 5 i 4T M ) i B (k28 R 9 6 it 7S,
SR 21 500 JR0 S 5 PR 855 S 37 IR T o AT 9 3 W A MR 6 R X SR AT R0 B, RIUA
[R5 U A TR X, 5 G S PR R S . TR AR AIE . 2 S BB TS B U, R AR
i PR R R S S s Y s rh LA LR

4.1. WERERI S BB e NI R AT AR R

e QSR AL B IR AU I B B 7, B 5 DNA I RNA (& R 1B 5 i fa . i
6 210 0L JEE L 9 M S 15 g A DA A L DR G B X 5K, T — i AR AR AT A B A U R ) S
o BEAERT UM, e A 2K L ATt 520 DNA SR IE R RE 71, B Ik DR AR A7cqr, AT [ 43 428 ik
TR G B R o

ARBRFCRIL, HeTm g AR A R FE D R IA R, PRI DR AR ARG E 20 Wi Fh 7y T . Cluster2
RN 25 1) Go PEAN ML IR I H o s e et B o B DA S S AR B v 8, DT SRS 7 AR AIE 5
1M Clusterl Wl DAL TR & 46« e BealibiPIRAE L, F56 MR ” R, X4 /3R, Mg QbR
A RE L R R AN G T IS T RARAR R R S SR, b I AN [ R R S e A B[ 11] o

4.2. A EIRENEA 5 I B0 S AR 4R BRIRIIFHE R E M FE BN

it CIBERSORT 5 xCell 55 2 Fh LSS IR UF S S A IR IR 0L, ASHE 78 )3 Cluster2 1 CD8* T
Y. NK 2088 JHAR SR & M1 B W20 Pl 35 25 T v X S 4 B A N 2 P PR G 928 s o 1) o 2
RS, o, CD8* T 4HMaFl NK 4 i v] B4/ T s i A, mivd A SR e bt R sk 2 T
AR 2 R HE AR

FHELZ R, Clusterl # M2 BYEBEANM . e AH O AT E AL (CAR) f 9 B2 4 i it 35 s 4 . M2 TS g
Y DR UM OYAN S J S Ny L1 B B a0 /e 11 1 P R N i 1| = e 29 1 By e s W e <R -  S U AN
T 2 iR 3 i o X P G 2 0 1) Y A R 1% T RS2 Cllusterl FR 8 VIS B 22 1 EE B R IRl 2 —[12] o

4.3 IBERHSBESRERTEAEMMEXR

G A AT AR (1CB) T BN I e ea 1) B 2R 7 T B, (RN IRYT R AE B 3 MR 22 7 o ARHHF 5T R
Cluster2 H' PD-1/PD-L1 F£iA/K VB E T+, FoRiZ U RAFIEEIRN T 40M - PR 4m e sl AR, sk
WAL T PR IRAS o X —ReE S H S iR i M m R M — 8, R Cluster2 E8 T RETE 55 M
PD-1/PD-L1 #5367 H 3K 75 [13]

EAEREME, RE Cluster2 RHE M TMB, {HF4KHE TMB F8bsA nl GEAS 2 LATHE i 7700 5o 72
BITIT . AT R, KR8, TMB S et & i Rk KFHISE &, Rl RS Bh T 50 RS i L O
e BEVRIT 3K 6k NTF[14].

4.4. SEBIRFHE K E AT RIEH S R

TESAFEAE 710, Cluster2 H TP53. TTN fil KDM6A 7S # 3 7 iy, ®EAAS i i B e T
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Clusterl. TP53 FRAR I 5 KPR 4 AR & M 34 0 2 oy S ME M A AR OG, 3X T BedE— D AR Cluster2 i
P2 IR A S B RS

ifii Clusterl #' FGFR3 il ARID1A 5828 ¥ A% WL BEAEWT 7t 28], FGFR3 J8AR1E AL WLZ I T P 5%
TR, B 5% A7 WA ARBFFTH Clusterl X FGFR I 712 i tH 58 s fiusi i,
PEORZ B AR 3 T B8 B IS A B )R T BRI A TR T SR, DA S B RS [15]

4.5. BETIEEH I BNAMBREER

T I 2 ) SRR A TR 43 AT, AR R BRA [ W i A U S R0 2 B Ak T R R 1 AR AE B
Cluster2 X4 & PEARESEH AT 23 Bus e s &, T e 5 HLB0 = 1) DNA #5145 XA ST EIEA O¢; TMi
Clusterl X} FGFR #liil 752 Uk, 5H FGFR3 FEARNFIE &1 B — 5 [16]

RGN, wEE AR B B A TS PP ANE, T A e AR 2R S

4.6. FREEHIGKNES KR

AW T T 2 S B R 1 Lasso JRUSSE VE o A5 B 7E 2B A7 T Hh R I RGP BE g, HAEZ &R
SIHT AR IE SO TS R 2K . I B 2 R A I R RRAE S RBP4y, AT BV PP Al BB A [ I I AR A
AR, BA—EmIa R

SR, AW FAAAE— € RIRME. B9, AW EEEET TCGA Hask, sh=AMTMALAFIIRIE;
IR, I A 25 P2 i 2 T 2 Sy ZE 000 o I e TP B R AT SRS A AT s O ACHIE A 32 R T A IR e P
HEAT A3, AR — BT AR N Ah D e S g, (FE I #b 78 248 & Cox [al U 43 47+ P s it 26 73 #r LA &% Human
Protein Atlas #5155 [ RIA B0 TE, 75— FRME F3sR 7 Wl A AL I AR e 1k AT B A I R AR RIS
RRA 5 45 G AL A BA B 2 Tl e S50 6 AH AL EAT IR N BRAIE o b4k, AHICHLEI v 75 3 — i@ fa iy
AN PG AIE[17]

5. &g
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