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[# =] A @& 4%] Erb-B2 ZKER & B2 14 2 (Erb-B2 receptor tyrosine kinase 2, ERBB2 ) TE % bt JR #% b 52 988 ( blad-
der urothelial carcinoma, BLCA) H (W ZRIAFFAE i IRAHICPE TS 0 (8 BV AE 43 FHLI , 2 BLCA 43T ik K
RN OISR BRI . & BT SR ERRE L R 2H 7 ( The Cancer Genome Atlas, TCGA ) ) BLCA BA%I 3K HL RNA
) R B RBERL , 4381 ERBB2 AL 2H 45 1E 5 241 4L (19 3R 3K 28 5 B I 5 56 R A 106 5 28 03 23 (Ameri-
can Joint Committee on Cancer, AJCC) JjgBR/30]  Bsi 70 Bl o 22, IR 23 TAE4F1E (receiver operating charac-
teristic, ROC) MG LIS ITIX 43R8 7 o #& ERBB2 ik b (i BUR AR W E #4740 40 , R ] Kaplan-Meier A< 774}
B Cox MUV UG NE . #F— 2Bt ERBB2 (R #ih HMRFRIAAR 22 S B R, JF R4 T mU R ) 55 B R A P
445 (Kyoto Encyclopedia of Genes and Genomes, KEGG) \J& KA {415 (gene ontology, GO ) & £ 43 B M B3k [K L H 4
=M (gene set enrichment analysis, GSEA) , [A]BH 3041 ERBB2 554 ERME S+ R EM KR, IFEEANREN
KIS0 7 ( Human Protein Atlas, HPA ) 502 4H 21 Ak 24 N S B 9 ' g Wi 5% 5% PCR (reverse transcription quantitative
PCR,RT-qPCR) LK IHiE ERBB2 ik, # & :HPA i 2l 21402 /R ERBB2 ¥ BLCA JifJgd 21 25 v 522 950 5 P 44 22
6, RT-qPCR #f — 25 503iF BLCA R 212 i ERBB2 mRNA 35718 . TCGA 43175 , ERBB2 7E BLCA JifyRigH 4
MYFRIR 2 & TIER L (P =0.005) , JFLEANR] AJCC 5 BIL434 [R] A7 AE SR 22 57 (P = 0..004 ) 5 JIeg 43 4 1] 25 57 R
IRBNGI R (P =0.238) . ROC 53477 7 ERBB2 X Wy A4 5 IE# HAUEA —E X4rae )1 (M4 T m >
0.689) . it h O B ik Je AL AT (404 , ERBB2 725 3535 41 AR FE3R 20 (0 SR A 47 25 B R IR B GE i 22 7
SL(P=0.240 Fi1 P =0.148) ; LA ZE R Z R E Cox S HRME/R ERBB2 JFAE SARA AR M TN R 2 . Thfg s R4
Br i/, ERBB2 AH G2 5 5L K 2w 48 TANMI DN 7 5 32 AR BAE T L F1 A 3 17 (interleukin 17, 1L-17) {5 538 % 9%
NEEE LR 3-35fitE/ 25 (I B ( phosphatidylinositol 3-kinase/protein kinase B, PI3K/AKT) {5518 % . Janus 4 fiff/ {5 5
HE 5 NG SO0 R F- (Janus kinase/signal transducer and activator of transcription, JAK-STAT) {5518 % . &1L N 15
S ARARE SN G SN 20 D RR 2 2 AT RS S R . GSEA S5 — 2P WUR 1L-17 {5 5@ #% \PI3K/
AKT {5538 % S 20 M D 5 5 32 (AR T A TG0 0 52 0E ) 8 B o e J 20 BT s, ERBB2 i Rk 4l vh CD274
PDCDI CTLA4 .LAG3 \TIGIT } HAVCR2 F&ik/KNE-44F4 5, H ERBB2 #ik5 CD274 FIl CTLA4 2 1E A% ( Spearman p =
0.45 F10.36,%) P <0.001) , # # :ERBB2 7£ BLCA i HZh & i35, 5 AJCC g B4 4] K2 SR e i A i o)
TP, B —E WS X 6877, (B SR AF I EA FR . ERBB2 T REIE I 2 5 S8 S8 AE SN 40 i [
FA5*5 PIBK/AKT 3 # e e G FE IR B 5 5 M) BLCA (1 & A= FUR R o
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ABSTRACT Objective: To investigate the expression pattern of Erb-B2 receptor tyrosine kinase 2
(ERBB2) in bladder urothelial carcinoma ( BLCA) and its clinical relevance, prognostic value, and po-
tential molecular mechanisms, thereby providing evidence for biomarker identification and targeted thera-
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py research in BLCA. Methods: RNA sequencing expression data and clinical information were obtained
from The Cancer Genome Atlas bladder urothelial carcinoma cohort ( TCGA-BLCA ). Differences in
ERBB2 expression between tumor and normal tissues were analyzed, and associations with American Joint
Committee on Cancer ( AJCC) pathological stage and tumor grade were evaluated. Receiver operating
characteristic (ROC) curve analysis was performed to assess the diagnostic performance of ERBB2. Pa-
tients were stratified into high- and low-expression groups based on both the median value and the optimal
cutoff, followed by Kaplan-Meier survival analysis and Cox regression to evaluate prognostic significance.
Differentially expressed genes associated with ERBB2 were identified, and Kyoto Encyclopedia of Genes
and Genomes (KEGG) , gene ontology (GO), and single-gene gene set enrichment analysis ( GSEA)
were conducted. Correlations between EFRBB2 and immune checkpoint molecules were further analyzed.
In addition, immunohistochemistry data from the Human Protein Atlas (HPA) database and reverse tran-
scription quantitative PCR ( RT-qPCR) experiments were used to validate ERBB2 expression. Results:
HPA immunohistochemistry demonstrated stronger ERBB2 staining in BLCA neoplastic tissues, and RT-
qPCR confirmed elevated ERBB2 mRNA expression in BLCA neoplastic tissues. TCGA analysis showed
that ERBB2 expression was significantly higher in tumor tissues than in normal tissues (P =0.005) , with
overall differences observed across AJCC pathological stages (P =0.004 ), whereas no significant diffe-
rence was found between tumor grades (P =0.238). Receiver operating characteristic curve analysis in-
dicated a moderate discriminatory ability of ERBB2 [ area under the curve (AUC) =0.689]. No signifi-
cant difference in overall survival was observed between high- and low-expression groups based on either
the median cutoff or the optimal cutoff (P =0.240 and P =0. 148, respectively), and both univariate
and multivariate Cox analyses suggested that ERBB2 was not an independent prognostic factor for OS.
Functional enrichment analyses revealed that ERBB2-associated differentially expressed genes were mainly
enriched in cytokine-cytokine receptor interaction, interleukin 17 (I1L-17) signaling pathway, phosphati-
dylinositol 3-kinase/protein kinase B ( PI3K/AKT) signaling pathway, Janus kinase/signal transducer
and activator of transcription ( JAK-STAT) signaling pathway, chemokine signaling pathway, inflammato-
ry response, immune response, extracellular matrix organization, and leukocyte migration. GSEA further
demonstrated positive enrichment in IL-17 signaling, PI3K/AKT signaling, and cytokine-cytokine recep-
tor interaction pathways. Immune checkpoint analysis showed that CD274, PDCDI1, CTLA4, LAG3,
TIGIT, and HAVCR2 were significantly upregulated in the ERBB2 high-expression group, and ERBB2 ex-
pression was positively correlated with CD274 and CTLA4 ( Spearman p =0.45 and 0. 36, both P <
0.001). Conclusion: ERBB2 is upregulated in BLCA and is associated with AJCC pathological stage
and immune checkpoint expression, showing moderate diagnostic value but limited prognostic signifi-
cance. ERBB2 may contribute to BLCA progression through regulation of immune-inflammatory respon-
ses, cytokine signaling, PI3K/AKT pathway, and tumor immune microenvironment.

KEY WORDS Urinary bladder neoplasms; Urothelial carcinoma; Genes, erbB-2; Gene expression; Im-
mune checkpoint inhibitors; Prognosis; The Cancer Genome Atlas
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L) R4 aEtE T Wk E 4 AHOCHT I 4 (eytotoxic T-
lymphocyte-associated protein 4 , CTLA-4) {3 H) 4
PERGAT FUE B, RN I8 IDE 8 A S TR T Y A
A RIS T R G A A AT, T A 3
Ak FE A 3 (lymphocyte activation gene 3, LAG-3) & Ig
F1ITIM 25+ 508 T 40 e PE 24K (T cell immuno-
receptor with Ig and ITIM domains, TIGIT) £ H A it
RIFEELM ML 3Z 44 2[ hepatitis A virus cellular receptor
2 ,HAVCR2, X Fr T 4 ffd S 5 Bk £ 1 A6 25 1 454
& H 3 (T cell immunoglobulin and mucin-domain
containing-3, TIM-3) ] %5, JR B M 32 8 5C1E . A b
FER], MR IR S A 2 A NE 55 5 18
A 3 Ao 9 4 R TR 8% 92 A4t 922 v % A e
AT 5 BRI R SRS L AN, BRTE IR ST
&I HER2 (PD-L1 K G A5G/ 178 BLCA HhAETE
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B e e D R R 1 K e, R AR it 2R
i PR ZR GE VT AL RE DR ek b il PR B S it 1
BLfifho 0 G SR S I RRAE SRR
AT LA Z A B2 03 B s B R TE e A & T b Y
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A7 B Y B I RB TR O, X T SRR K- S il
PRAFFAE (F0US LA R B0 3 T PR B8 22 18] ¢ 3R A I 52 AT A
XA o BT U, AW 58 LA 56 [ 98 0 ik DR 4 181 3%
(The Cancer Genome Atlas, TCGA ) % & & A 1Y
BLCA BA%1 ( TCGA-BLCA ) S T 58 %F 4, & G800 #r
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AWFFEEAE K I T TCGA-BLCA, 94 A b
(1) FEA B AW ] RNA Il ) ( RNA sequencing,
RNA-seq) FIR B8 ; (2) FEASSEHUI 0, 455 ot i
TR F B 2L (3) F T AR A7 20 #1191
FHA SRR (overall survival , 0S) f A FRARZS
AR HEBRPRIUE: (1) FE MR (2) B e
e R R B AE 7 45 R A5 B R REAS 5 (3) I b i
FEAS o gl [] — £ 2 B 52 PO Jat )l 170 ft 7, 7 T30
S5 AT 25 S AR T RN SR AR DG o Ay v, 01 SR
AL ER 1A R I REAS o G A3 BT B e R TR 25
FRAFWE PR | 32 EEIE IR A 2% 014 (American Joint

Committee on Cancer, AJCC) Jp5 B8 . g oy 2% Kz
0S %,
1.2 RNA-seq Fih% IR B oAb 2

RNA-seq k5 4# 1+f R i 5 TCGAbiolinks £
MEE R 4H #0 s 4L = F 4 ( Genomic Data Commons,
GDC) F ik, B HEZE 7|4 “ Transcriptome Profiling” , %%
PEZE A f3 “ Gene Expression Quantification” , T/ i
TR PE “ STAR-Counts” , | 58 il )5 {#i i GDCpre-
pare PR ZH & SummarizedExperiment % 4, Jf- $& BX
JE R THHOE P (counts) o BJG R edgeR £f M {H
BEH{HE: (rimmed mean of M-values, TMM ) %} J&

AT B R HEA TAR AL, DAAS AR A [B] 0 P TR 3 e

SCEEANZE SR IR log, Heitt)m B4R 7 0 THEUE
(transcripts per million, TPM ) , B[l log, TPM & iA 4 f4
(prior. count = 1) , H] F°J5 22 3R 3K 22 5 5 AH G HE 4>
Mro
1.3 ERBB2 33522 5003t Kl RAH SCHEPEAL

ERBB2 Teg 410 5 1E #4121 2 [a] ) 3R 1k 2
SR ] Wilcoxon Bk FIAG 50 #EAT AL, 7EMREAEA
 JE— 2D AR AJCC s B3 ) S Mg o o 4, SR
H Kruskal-Wallis £ 56 P4k 22 21 [A] S AR 22 55 5 24 Bk
P BA G S, i —202R H] Wilcoxon Bk FI
K g AT IR 20 1] LA, BT ERBB2 3K /K -F-H4
IR TAEHFIE (receiver operating characteristic
ROC) fh4k , F T 3P44 ERBB2 X Jih g #H 41 5 1F % 41
2 X Re 1, IR TSt 2 T T A (area under the
curve , AUC) . %40 #7 F 2 TPEM ERBB2 KIATE
Bt PEREAS i X3 b 5 A e L U S T 1
AE , Mk ELEA QR I RO 2 5 ST 2 Wil B
L4 AA75rHr 5 Cox [mIHECA

0S 5& X MRS W 2 58 T 5K IR B U5 1Y s
], ZEAPARZS AR vital _status P BOHE, FETIE N
1 fFIEIC N 0, 4% ERBB2 ik i 06 i % 70 A
R ARIR AR IR 20 , R H] Kaplan-Meier 252 il £
FA 2R, If- il ] Log-rank #3546 LEALZH[H] OS 25 5.
7 B e 20 T4y S I T 3 R T RE B i 4
AW AR ORI R ARRIB AR A 5 ]2
AMET 20% [ ETHE T, %) ERBB2 3 35 b {5 1#E AT
A4, T4 Log-rank K56 P {E /N #UBT (LA
I AEEWTE , R ETT Kaplan-Meier 2B 7753 #r . [F]
i, 4 ERBB2 FihAF Ry S8 a9 A\ Cox FL 5] X
B LA A PPAG 5 OS YOG FR . 43 il i B
F Cox BIARY AW AAFWE AR HIFN AJCC g 3 53 1) 45
R Z KR Cox BIAY, 25 5 DL KUK [ (hazard
ratio, HR) }% 95% B {Z [X [d] ( confidence interval , CI)



IIeEE, 45 HET TCCA Byii R Y ERBB2 TG EIR e b B i v AR IA AR B i PR 78 - 821 -

e AN
1.5 2SRk B ik

AR ERBB2 FHOC e st U , AR i
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JREREAS P L # ERBB2 ik 4 SRR IA L Y BE A
Fik2Z5 . KM limma 4554 voom J5 % RNA-seq
TR AT 22 50 800 HT . 28 S Kk R i e
TEEE NASIESG P <0.05 H |log, (fold change) | > 1,
22 FRIREER LUK B o, Horb b 58 B AT 34
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Xof i AT B A4 Wk 25 22 e SRR B AT DI BE
38T FIHT org. Hs. eg. db £l 5 PR 7355 46 Oy ik
K% (Entrez gene identifier, Entrez ID) , [ J5 % 1
ClusterProfiler {35 77 5 A8 3% (4 15 5 8 41 77 £ 4 1
(Kyoto Encyclopedia of Genes and Genomes, KEGG)
T B OB S IR AR 18 (gene ontology, GO) A=
Prid B 4R Ao w AR O T A 2R DL e A Ak A L A
(GeneRatio) ‘& I E AL IE 5 P AR, Hh
GeneRatio 371 B 3 5 — DI RE 4% B 1Y 22 5 R Gk ik
PRI 5 i A 22 S 3R i ALY EE A1)

itk PE Al ERBB2 AH G IE 6 (1) 8 AR AR 1k e
AT T J8 AL (R FE K 4 5 4R 43 HT ((gene set en-
richment analysis, GSEA) . Ul ERBB2 F£ik/KFE 54
BE A 2 38 15 09 AH oG M 1 R R R R A K i AT
GSEA , %5 5 DAt 1AL & £ 433X ( normalized enrich-
ment score, NES) 4517 & P (false discovery rate,
FDR) %7K, FDR <0.05 @ E4 R B A Gt e
X,
1.7 ERBB2 55k A si o3 T AH KR4

JPEAl ERBB2 5 BLCA 4 i PR 455 A OC 43+
CFR AR HL 6 A~ EA AR 0 S i A i
FHOCEER BEA T 5347 , 6045 CD274 (PD-L1 Zh5EA ) |
PDCDI(PD-1 % i3 5L [H) | CTLA4 ( CTLA-4 Zsi fith ik
) LAG3(LAG-3 Zif 38 TIGIT K2 HAVCR2,

i ERBB2 {53 ih H SRR A4 1k iz
oty SRR R A 22 5 AL LL#R A Wilcoxon Bk
HIKG: B, FE J5 >R ] Spearman #k AH 5C 43 #r it &
ERBB2 545 % 5 K6 A5 1 B PR R 38 7K 7 22 [a] i AH 5C
FH(p) Je P A, %) ERBB2 Y5 CD274 J¢ CTLA4 {1y
PERAEAR A
1.8 AR S B i oo 5 4 U0k 27 1o ik
RT-qPCR SZ56 50 3E

H it BAE TCCA ¥ S o3 A4l 2R, R 0F 5T
g N2 E A RS54 % ( Human Protein Atlas,

HPA ) K 5L 9¢ 6 E 115 54 555 PCR (reverse transcrip-
tion quantitative PCR, RT-qPCR) 52588 374y ERBB2 &
BLCA iy ik, 78 HPA ¥4 % th K5 & ERBB2
( Ensembl 2 [ 45 5 : ENSG00000141736 ) [/ 25 [ 3%
IRF R ARIBOE 5% e 41 21 & BLCA g 2H 2 iy
R 2H 214k~ (immunohistochemistry , IHC ) /¢4 &
BT HEEKPRIE, 2l Y2, HPA E{R
T TR AR ERBB2 18 R IK 1
ARG NGO, AN RE 56 42 55 [A] T A B 53 BA 51 A 2l
SRR IE

AN BTN SE BLCA Mg 4 241 19 5% 1E W
JEMEH SUREA 2 3 ], SIS RNA 300 5% S5 1l
¢DNA, % Fil RT-qPCR Il ERBB2 mRNA % % /K
S, 519 S 40 R ERBB2 L 519 5'-AGCT-
CTTTGAGGACAACCTG-3', T i 5| %) 5'-TGTCTCT-
GGGTCTCCTCTGT-3"; GAPDH 35| 5'-GAAG-
GTGAAGGTCGGAGTC-3", T ii# 51 ¥ 5’ -GAAGATG-
GTGATGGGATTTC-3', Lk GAPDH Jy N %M, %
FA 2705 i3T5 ERBB2 AR XS ikt BT 441
5 1EH 20 21 8] 22 57 2% F AU E B %) Student’s ¢ A6
5,P <0.05 AERAGIFE L,
LY G

FRAGEH BT ITE R B 4.3.2 JRAS 58 il
PSR AR RIS S AT RRAE DAL £ B 2E sl
B ) Koo £ o Hr R T ge it 2
Tk B AEA R T AR U o A S TG B 48 SRy XL
ML, P <0.05 Ry 225Gt 8 3 W R 2 H
B (0 AR AR IE 5 P (B sk FDR BEAT 3R

2 HR

2.1 ERBB2 1f TCGA-BLCA B\ rp () 3¢ 3k $31F &
e R AH DA

1£ TCGA-BLCA A% 1, ERBB2 #£ BLCA Jifiy
A RIBACT 1 3508 TR B4 4L, 4 1) 22
SHA G L (P =0.005, & 1A) . #8 AJCC
e e B s DS S A N N [ B S ]
ERBB2 635K EAFAE MR Z R (P =0.004, 8 1B)
i — LI LRI, T 5 A0 L A0 45 IV 3 22 1)
ERBB2 ik 2 R HA G it L (¥ P <0.05, [
IB) . 7EMIE 43 9% 75 11, ERBB2 1E L9005 &5 5]
g Z B ) Rk 2R RIRBNGEIHFE XL (P =
0.238, & 1C), 14, ROC fh £k 20 #7 i& 7~ , ERBB2
FIRIKEXT BLCA Mg 45 IE W HA HA —E X
I3fES,AUC 3 0.689 ([ 1D) . MAkKF , ERBB2
F£ BLCA g 4 2 52 i3RIk, JF 5 AJCC g B
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I AT — 2 CHK .
2.2 HPA ¥l & RT-qPCR %:3F ERBB2 7F BLCA
SRS 7Nl o

IHC 2553 7R, ERBB2 78 1EH b5 e 4l 41 v &
ERE P AERIS, MAE BLCA JiE 28 21 rp m] 22 5]
R Tz (MG A5 S 38R ERBB2 1R 1
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= Wileoxon, P=0.005
é‘ 10+
h¥4)
=9
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+ 10k
=
&
~
= gl —C
_?;‘E
% 6
5 Ar i
X 3
2
2 2r SIE
= L 1
Low grade High grade
(n=21) (n=388)

Tumor grades

JRINFAE LIRS, 5 TCCA Fik & R — 2
(K2A) o Moh, AF5EE— 2@ id RT-qPCR 5256
Xt ERBB2 W) FRIK/CFREAT T30k, 45 R BoR, 50
SFIE LU L, BLCA g 41 4Urh ERBB2 mRNA
PR KCF I F T (] 2B), NSE I R IS
ERBB2 {£ BLCA Hy 53 LIHFIARFE

B Kruskal-Wallis, P=0.004

= % o

7

Z 10t

=}

=

E

;.;: 6_

=

L

N

Q

=

= “L L . 1 L
Stage | Stagell  Stagelll  StagelV
(n=4) (n=129) (n=142) (n=135)

AJCC pathological stages

Sensitivity

AUC=0.689

0 L . | L '
0 0.2 0.4 0.6 0.8 1.0

I-specificity

A, differential expression of ERBB2 between normal bladder tissues and tumor tissues; B, differences in ERBB2 expression among different AJCC patho-
logical stages( * P <0.05); C, differences in ERBB2 expression among different tumor grades; D, ROC curve analysis of ERBB2 for distinguishing
tumor tissues from normal tissues. FPKM, fragments per kilobase of transcript per million mapped reads; ERBB2, Erb-B2 receptor tyrosine kinase 2;
TCGA, The Cancer Genome Atlas; BLCA, bladder urothelial carcinoma; AJCC, American Joint Committee on Cancer; ROC, receiver operating cha-

racteristic; AUC, area under curve.

Bl 1 ERBB2 1t TCGA-BLCA BAFI v i) IR HHIE K N AR S 23 B
Figure 1 Expression characteristics and clinicopathological relevance of ERBB2 in the TCGA-BLCA cohort

A B .
30t *
25¢ o
NEh i
23 o
Q1 20+
-
L’; £15}
< 210t ®o
= 7
f2g 051
BLCA neoplastic Normal bladder Normal Tumor

tissue (x4)

urothelium (x20)

Tissue

A, representative immunohistochemical staining images of ERBB2 in BLCA neoplastic tissues and normal bladder urothelium from the HPA database
(DAB chromogen with hematoxylin counterstaining) ; B, validation of relative ERBB2 mRNA expression levels in normal and tumor tissues by RT-qPCR
(*P<0.05). ERBB2, Erb-B2 receptor tyrosine kinase 2; BLCA, bladder urothelial carcinoma; HPA, Human Protein Atlas; RT-qPCR, reverse

transcription quantitative PCR.

2 ERBB2 7r. BLCA i 4H A h i 2R 111 B2 mRNA JKF- 5k
Figure 2 Validation of ERBB2 protein and mRNA expression levels in BLCA
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it ERBB2 33k W5 8053 41 )5 , Kaplan-Meier

RAEAF M 871, ERBB2 5 RIB A 5 IR A 4 08
ZESEARIRFN G2 R (P =0.240, K 3A) . #—
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SR AERNTE 4. 490 7r 45, AL 0S 2745 R
REIGE AL (P =0.148 1 3B) o Cox HL A KUK
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A, Kaplan-Meier overall survival curves stratified by the median ERBB2 expression level; B, Kaplan-Meier overall survival curves stratified by the opti-
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Erb-B2 receptor tyrosine kinase 2; BLCA, bladder urothelial carcinoma.
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Figure 3  Association between ERBB2 expression and overall survival in patients with bladder cancer, and Cox regression analyses
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A, volcano plot of differentially expressed genes between the ERBB2 high-expression and low-expression groups; B, KEGG pathway enrichment analysis of
differentially expressed genes; C, GO biological process enrichment analysis of differentially expressed genes; D, GSEA based on ERBB2 expression
groups, showing representative enriched pathways. ERBB2, Erb-B2 receptor tyrosine kinase 2; KEGG, Kyoto Encyclopedia of Genes and Genomes; GO,
gene ontology; GSEA, gene set enrichment analysis; IL, interleukin; PI3K/AKT, phosphatidylinositol 3-kinase/protein kinase B; ECM, extracellular matrix;
JAK-STAT, Janus kinase-signal transducer and activator of transcription; NF-kB, nuclear factor-kappa B; NES, normalized enrichment score; FDR, false dis-
covery rate; GeneRatio, the ratio of enriched genes annotated to a given pathway or biological process; Adj. P, adjusted P; Not sig. , not significant.
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Figure 4 Functional enrichment analysis of ERBB2-related differentially expressed genes
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A, comparison of the expression levels of major immune checkpoint genes between the ERBB2 high-expression and low-expression groups ( #* P <
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Figure 5 Correlation analysis between ERBB2 expression and immune checkpoint molecules



IIeEE, 45 HET TCCA Byii R Y ERBB2 TG EIR e b B i v AR IA AR B i PR 78 - 825 -

3 it

ERBB2 J&3 2 A A R F 32 AR R B 22 A 51
E FL IR 45 22 Fh SR e v 2 4 Uk 52 BT WA Y 2
YA B8 ) 36 97 M {1, I 4F Ok, ERBB2 1E
BLCA w1 i) 1 78 2 S 7 22 815G 1, M G Fe R
HER2/ERBB2 ik 57§ M RE5 BLCA Il AR FEAF
fIE bogeg E e Ay 7 B TR IR RN A
HB10) RS T TCGA-BLCA BB, 454 HPA
% THC J RT-qPCR 0F, R4 5047 T ERBB2
F£ BLCA i 23R8k LI R TS (B S AH 56
4y TR

AH5E &I, ERBB2 ¥£ BLCA s 41 41 (1) %
IRAKOF- W 35 T AE R B e 4121, HPA %4 & THC
S5 7R ,ERBB2 {£ BLCA Jihfd 41 2 v 52 5o PH 1
Yefs , RT-qPCR 45 2R 3 — L 5504IE T BLCA Jifyig 4241
H ERBB2 mRNA L3k ThE . REAESE T BLCA IR
FEA I BF A B 7 , HER2/ERBB2 1£ 34y BLCA H
AR Bk sl R IR K5, I AT B8 5 iR 1 PR
FERAEARSE T IR M SR R K &
SIS IR = A 2 W AL [E 2 RF ERBB2 78 BLCA 11
AR T B R A, IR R R
W ERBB2 Ff3E 58 & A3k, HPA 25 S 4 Honf
G Y PRI, AT R A e TR R
“ iy L A Fe sk R MR IE R 2 e 2B,
X—FRRWELFE THC 455 K BLCA g 20 41 5
PR SEBRTE L

Il PRAE S 43 BT @ , ERBB2 3235 5 AJCC %
RO HIAEAE— 2 QK $ R T fig 5 BLCA i J@ i
A, BEFEWFSY#GE HER2 363k 5 BLCA I R4
1 IR AR 28 N R PRARAE Sl f Qs RRAE A7 AR AH G
PEN S ASBIRTE 4 ] A — A R, I R 4
(6] ERBB2 FihfifE 25 5%, Ul ERBB2 Fik7F 4L ] g
2 55 vy 1 e kS AN [] B B gl 1) 40 TR E . SR
7, 7ERIRE 43454 75 T, ERBB2 7EAR S8 5 5 5 950 i
Z I 2ERAE RG240 X3 T B S IR AR AR
A PR TCGA BAFIAEAKE AN LA S BLCA 7%
Bor Rt a %, I, ERBB2 HHEA1EN X
BRI DR SRR JRAE DGR A 48 b, i 5
G392 I 6 R AT B RFEA BRSNS A T 2D Bk

ARWFIER VRS T ERBB2 X} i 4l 40 5 1F % 41
ZUNIX5rfE ). ROC 43 #1 i ~ ERBB2 HAT —E 1
HAUX 3 HETT, H AUC 540 T A5 K-, $27R Bl
Wi ERBB2 1R A2 Wikn W s A B . L4k,
EI X} HER2 R RARAS BIWFIE 4 M7 S — g BEAE AR g

J& 2 RS TR, (51 A28 A I AR B TIE 18
A FRAE B TR 45 ST HER2 2k
% 183 BLCA By &4 A7 3| 2 3L N | 218 i 3
Ivi] s, B — 3 DR X LG 2 I A 12 BT 7 2R
I, ERBB2 AT IG5 5 HoAh 23 T hr 5 40 L e PR
PHIR 2R SRR AR R A A0 R 2R T A AR T AN
SEAE N ST A2 WA b B N o

FETG 50 M7 T, ASHIEFE 5393 2R FH rhops 85003 21
AR AR (73 2H #E 47 Kaplan-Meier 4 7743 #7, Jf:
b —44 ERBB2 fENiEL AR A A Cox [nlIABIHY
SER R, TCIE R P A B AL S AR AR BT 40
21 ,ERBB2 {m ik AL IR 4 SR A AR 22 3R
REIGI R G R R R Z R E Cox 43R iR
ERBB2 13 B A A7l S B0 [ . BEAE 6 T
HER2/ERBB2 5 BLCA W5 (IWF58 45 B A58 42—
B AR HER2 33k 51 RS, sy HH ¢, A
WA H T (B SZ A 7 PEAFRiE iR 4y
W 3977 R B R R e, AT
AR UL, ERBB2 98 7F BLCA iy 4141 I
PH T 53 I RRFAE AR G (B X R A AR 45 R
ST T E A BR

TR s 4o B ik — 254 ERBB2 A 32 1k
R TR %, 25 RIA 0P B/R, ERBB2 1£ 7 3%
R AR IR Z RIfFE R 2 22 R I . KEGG &
RGP R X e 22 S L R BV AN 5 5%
TRAEAEA JIL-17 15538 #%  PI3K/AKT {5 53 |
JAK-STAT {5538 % . #afb X+ {5 538 i \NF-kB {7
I T AR A2 AR S E R A . GO AT R
22 SRR F B S 5 RAE N G PE RN 20 R A
IR ERE NI iOh <R e i 0P B 9 e s AN = i )
TR S S A A A . BEAEAF 9T W, ERBB2 5
FR BT TR A S BLCA AR IR 48 K2 4 T
B HAHSE, HER2 33k 1 mT B8 51X 15 5 4 2 0 e 3
AT AR ARG AR IR  ERBB2 R EH:
S MU AN B s 40 Y 5l A 5 i 5 b
G JiE JEAE SN S Ji e S P 1% o VB 2 WA G

HAF I B R AR — 2 & B ERBB2 5 3%
IR R A i TR ATHE A dE CD274
PDCDI .CTLA4 LAG3 TIGIT J; HAVCR2 , HX1:4y
Mri 7R , ERBB2 3Rik 5 CD274 F1 CTLA4 5 %35 1E
FHOG . HRSC ARG M SRR AR L, A4S A 5L
£ ERBB2 125315 I ] 68 11 Fifl 0 128 A6 Y 5 6 iR 4
SROVRHIE . REFEMFERM], HER2 5 PD-LI 7£ BLCA
H T AE A 3 ) 2 28 I ARG BE DGk, 42 /R HER2 A
Ay TR T A5 R REMOR B A — B R,



b mw k¥ o o (

E ¥ o)

- 826 - JOURNAL OF PEKING UNIVERSITY (HEALTH SCIENCES)  Vol.58 No.4 Aug. 2026

K, ERBB2 54 B AG A% 15.70F 19 1E A 56 56 &R ] fig
ST ERBB2 A0 5 IivIgs faf 455 b A7 7 T 3% BR 1 4
PREGCREIRZS , 0 PT R 2 735 Mo 3 7 G0 28 S0 75 ¢ T 3
i FIAGRERG A A T I SR ki

U4k, HER2 #1 ] Bt 4 {5 156 25 9 7€ BLCA rf
(AN PR T4 i . 22 31 DR 0 L S T RIS S
HER2 $ i) Bt 4 {8 156 24 4y, It L2 4k v 2 g
( disitamab vedotin, RC48) 25 1E-4 PD-1 #HI51],
TE R M 55 RS BLCA rp 5 H— SE B bR v
PESS L RIS HER2 #2 1i 25 ) SOk 1 vk i 1R 2 )
REA(UELHE T HER2 [ (H #3A7K -, i85 ERBB2
Poog AR R o O R R SR R
ST R, AR ST T ERBB2 33k 5 st Ax
SO TR RS S 3R ERBB2 W] fE AU 1E
AT S, BT ES 5 BLCA REEIRTT 402
FIRAIRTT R R

RFFAAFAE— E SR PR o 77 %, AR BF 5T £ 2
T TCGA-BLCA BN 47 [l Josi M A 9 15 B 53
BT, BEA R IR B 25 A AR X B — | AR5 25 SR 75 7
PRI L gk 7 AS itk — 2 BE . R A
WFFE 322 I S 1K V-2 Bt ERBB2 (1 323K R AE
LI RS, BARES B HPA i e THC [EG R/  i
RT-qPCR 255 647 T 90 4 B00F, {H 25 11 3 1k 7K
ERBB2 4" W45 58 25 Rk 4% DA B b i Ak HER2 Jp5 B 3T
SRS EN R G VEAL . 5 =, AR5 & B ERBB2 3%
IR 5 G PE R AT 155 T 3R KO O RAE G2 318 A7 AE
FHSCHE  (HIR 25 R T ZORIE T FaRh M AT, iR
REIEHH ERBB2 Xf BLCA i o 55 HAG B 4 i
Y. JE Al a5 A R SUREA (THC PE4Y 23 18]
RS PRLAN I P B AR AP TIRESE LS, i — 25 IE
ERBB2/HER? 7¢ BLCA 3 J& G 28 Vil 4 K 80 1] YA I
SN AR FH AL

25 LTk, AR 5T 3 T TCGA-BLCA A% R 48
54T T ERBB2/HER2 7% BLCA () R IR FRAE LIl IR
FHOCHE | TS M (8 08 A2 5y T L. 45 R BOR,
ERBB2 1¥ BLCA Jihyg 2 4l vh ik T, 5 AJCC
o0 B33 Ko 22 o G 8 A A R DG BE R R G R A
5% DIRE & AR A HT /R A 56 22 S e I R 2 9 e R
JE BRI SN A DN 15 5 PI3K/ AKT 38 % M s
TR TS B . SR, ERBB2 X SR A= 7 f0 i
ST TN EA B, AR R BiUS AR AL REAS I o
JAAKIT S, ERBB2/HER2 £} [ Wt BLCA 43 F 451
B APEIABE RS (5 e 56 b, 7T BE Ry HER2 H12 i)
TBYT B IR YT SR I AR A — 2 M B AR i

MR PTATEE AR 25 0P 5

EE STk AR AR FROLHS P TS0 R AT BTt
FOTR o MUE o BEEREUE s RO TR S0 IR
Ve MBS H E IR 3 A EE 2 518 30k, IF X
BRSO AT AL AN

S 30k

[ 1] Bray F, Laversanne M, Sung H, et al. Global cancer statistics
2022 ; GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries[ J]. CA Cancer J Clin, 2024, 74
(3): 229 -263.

[ 2] Powles T, Bellmunt J, Comperat E, et al. Bladder cancer; ESMO
Clinical Practice Guideline for diagnosis, treatment and follow-up
[J]. Ann Oncol, 2022, 33(3) . 244 -258.

[ 3 ] Moasser MM. The oncogene HER2 ; Its signaling and transforming
functions and its role in human cancer pathogenesis[ J]. Onco-
gene, 2007, 26(45) : 6469 —6487.

[ 4] Swain SM, Shastry M, Hamilton E. Targeting HER2-positive
breast cancer; Advances and future directions[ J]. Nat Rev Drug
Discov, 2023, 22(2): 101 - 126.

[ 5] Zhou L, Shao Z, Liu Y, et al. HER2 expression associated with
clinical characteristics and prognosis of urothelial carcinoma in a
Chinese population[ J]. Oncologist, 2023, 28(8) : 617 — e624.

[ 6] Bai X, He W, Yin H, et al. Prognostic significance of HER2 sta-
tus evaluation using immunohistochemistry in patients with urothe-
lial carcinoma of the bladder: A retrospective single-center experi-
ence[ J]. Exp Ther Med, 2022, 24(5) ; 704.

[ 7] Tan X, Li M, Chen Q, et al. Prognostic significance of HER2 ex-
pression in patients with bladder cancer; A multicenter observa-
tional study [ J]. Eur Urol Oncol, 2024, 7(3) ; 456 —463.

[ 8] Sami MM, Khalil HB, Elbasateeny SS, et al. Expression of
epidermal growth factor receptor and human epidermal growth
factor receptor 2 in urothelial bladder carcinoma in an Egyptian
cohort: clinical implication and prognostic significance [ J]. Appl
Immunohistochem Mol Morphol, 2023, 31(1) : 37 -45.

[ 9 ] Maiorano BA, Di Maio M, Cerbone L, et al. Significance of PD-
L1 in metastatic urothelial carcinoma treated with immune check-
point inhibitors; A systematic review and meta-analysis [ J ].
JAMA Netw Open, 2024, 7(3) : €241215.

[10] Hadadi A, Krause HB, Elliott A, et al. The genomic landscape of
urothelial carcinoma with high and low ERBB2 expression [ ] ].
Cancers (Basel), 2023, 15(24) . 5721.

[11] Kim D, Kim JM, Kim JS, et al. Differential expression and clini-
copathological significance of HER2, indoleamine 2, 3-dioxygenase
and PD-L1 in urothelial carcinoma of the bladder[J]. J Clin Med,
2020, 9(5) : 1265.

[12] Guo A, Wu C, Cao J, et al. Clinical significance of HER2 in
urothelial carcinoma and analysis of its correlation with glycolytic
metabolic characteristics [ J ]. Front Mol Biosci, 2024, 11:
1521889.

[13] Li P, Ni P, Haines GK, et al. Expression and clinicopathologic
significance of HER2 and PD-LI in high grade urothelial carcino-
ma of the urinary tract[ J]. Int J Clin Exp Pathol, 2024, 17(8) ;
236 —244.

[14] Zhuang J, Chen Y, Zheng W, et al. Prediction of HER2 expres-
sion in urothelial carcinoma of the bladder: Are ultrasound-based
radiomic features significant? [J]. Ultrasound Med Biol, 2026,
52(1): 190 -200.

[15] Zhao J, Xu W, Zhang Z, et al. Prognostic role of HER2 expres-
sion in bladder cancer; A systematic review and meta-analysis
[J]. Int Urol Nephrol, 2015, 47(1): 87 —94.

[16] Zhu K, Chang Y, Zhao D, et al. Expression of HER2 in high-
grade urothelial carcinoma based on Chinese expert consensus and
the clinical effects of disitamab vedotin-tislelizumab combination
therapy in the treatment of advanced patients[ J]. Front Pharma-
col, 2024, 15 1355081.

[17] Wei Y, Zhang R, Yu C, et al. Disitamab vedotin in combination
with immune checkpoint inhibitors for locally and locally advanced
bladder urothelial carcinoma; A two-center’s real-world study[ J].
Front Pharmacol, 2023, 14, 1230395.

[18] Ge H, Liu C, Shen C, et al. The effectiveness and safety of RC48
alone or in combination with PD-1 inhibitors for locally advanced or
metastatic urothelial carcinoma: A multicenter, real-world study
[J]. J Transl Med, 2025, 23(1) . 243.

[19] Chen Z, Tang X, Eichholz JE, et al. Determinants of sensitivity to
HER2-targeted antibody drug conjugates in urothelial cancer[J].
Nat Commun, 2026, 17(1); 919.

(2026-03-02 k)

(ARSCHAH B )





