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Abstract: [Objective] To investigate the correlation of human epidermal growth factor receptor 2 (HER2) with the
clinicopathologic features and molecular subtypes of urothelial bladder cancer (UBC). [ Methods] A total of 70 paraffin—
embedded UBC samples, 50 invasive and 20 non—invasive, were examined for the HER2 protein overexpression by immu-
nohistochemistry (IHC ) and for the gene amplification by fluorescent in situ hybridization ( FISH). IHC was used to
detect the luminal markers (CK20, GATA3), basal markers (CK14, CK5/6) and Ki67 protein expression for 50 cases of
invasive UBC. Pearson’s chi—square test and Fisher's exact test were performed to analyze the association between HER2
and clinicopathological characteristics such as gender, age, pathohistological diagnosis, histologic grade, Ki67, molecu-
lar subtypes, tumor maximum diameter, muscular invasion, lymphovascular invasion, lymph node metastasis and clini-
cal stage. Statistical significance was set at P < 0.05. [ Results] The positive rate of HER2 in invasive UBC was 44% (22/

50) and no HER2 positive was found in non—invasive UBC. In 50 invasive UBC cases, the HER2 positive rate was signifi-
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cantly higher in the luminal subtype than that in the basal (P = 0.003). HER2 positive was significantly correlated with
high grade (P = 0.006) , Ki67=30% (P = 0.001) and lymphovascular invasion (P = 0.004) ; but unrelated to muscle

invasion, lymph node metastasis, clinical stage, tumor maximum diameter, gender and age (all P > 0.05). [ Conclusions ]

HER?2 is closely related to the aggressiveness of invasive high—grade UBC. HER2 status combined with molecular subtypes

may help to screen potential UBC patients for whom HER?2 targeted therapy is effective.

Key words: urothelial bladder cancer (UBC) ; human epidermal growth factor receptor 2 (HER2) ; molecular sub-

types; molecular markers
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Table 1 Antibodies used for immunohistochemistry on a Bench Mark Ultra automatic stainer (Ventana)

Antibody Company Clone Dilution
HER2 ROCHE, USA 4B5 Ready to use
GATA3 BEIJING ZHONGSHAN JINQIAO, CHINA EP368 Ready to use
CK20 BEIJING ZHONGSHAN JINQIAO, CHINA EP23 1:100
CK14 BEIJING ZHONGSHAN JINQIAO, CHINA EP61 Ready to use
CK5/6 BEIJING ZHONGSHAN JINQIAO, CHINA EP24 Ready to use
Ki67 BEIJING ZHONGSHAN JINQIAO, CHINA UMAB107 1:100

HER2: human epidermal growth factor receptor 2
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A': Low grade invasive urothelial bladder carcinoma; B: High grade invasive urothelial bladder carcinoma; C: Low grade non—invasive urothe-

lial bladder carcinoma; D: High grade non—invasive urothelial bladder carcinoma, X200.
1 BERLAR B bR AR FIDUHT
Fig.1 Histomorphological spectrum of UBC
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Table 2 Clinicopathological features of the analyzed cohort [n,n(%)]
Invasive urothelial bladder carcinoma cohort Non—invasive urothelial bladder carcinoma cohort

Total 50 20
Agelyears

Minimum/Maximum 43~87 30~86

Median age 71 66
Gender

Male 44(88) 15(75)

Female 6(12) 5(25)
Grading WHO 2016

High—grade 42(84) 10(50)

Low—grade 8(16) 10(50)
Tumor size/cm

=3 32(64)

<3 18(36)
Muscle invasion

MIBC 30(60)

NMIBC 20(40)
Lymphovascular invasion

Positive 9(18)

Negative 41(82)
pN

N1 8(16)

NO 42(84)
Stage

I 18(36)

I 15(30)

I 5(10)

v 8(16)

pN: primary lymph node stage; WHO; World Health Organization; MIBC: muscle invasive bladder cancer; NMIBC: non—muscle invasive bladder cancer

=3 2% UBC #RERE M UBC Y HER2 PRI R b 35

Table 3 Comparison of HER2 positive rate between invasive UBC and non-invasive UBC [n.,n(%)]

Invasive urothelial bladder

carcinoma cohort

Non—invasive urothelial
P(two-sided)

bladder carcinoma cohort

Total
HER?2 positive

HER?2 protein expression

0

1+
2+
3+

HER?2 amplification status

HER2 IHC scored 2+ and non—amplified
HER2 [HC scored 2+ and amplified

50
22 (44)
26 (52)

17

17

20
0 0.000
5(25)
12
3

HER2: human epidermal growth factor receptor 2
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Example of HER2-positive urothelial bladder carcinoma. A: HER2 IHC scored 0+; B: HER2 IHC scored 1+; C: HER2 IHC scored 2+; D
HER2 IHC scored 3+, x200.

B2 FERLAREE EREH &AL HER2 ZEHRIE
Fig.2 HER2 in urothelial bladder carcinoma by IHC

A: HER? gene amplification negative by FISH , Ratio=1.4; B: HER2 gene amplification positive by FISH, Ratio=3.7, X1 000
B3 BERLREE EREPRKRMIRIZ HER2 EEY 1
Fig.3 HER?2 gene amplification in urothelial bladder carcinoma by FISH
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Ki67 protein is localized to the nucleus in cancer cells and stained brownish yellow. More than 500 tumor cells were counted under high magnifi-
cation. Count the percentage of tumor cell nuclear staining regardless of staining intensity. A : Ki67=15%; B: Ki67 =80% , x200.
B4 R MR BLR B b R T S R A Ki67 Rk

Fig.4 Ki67 expression in invasive urothelial bladder carcinoma by IHC
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Microphotographs illustrate basal and luminal immunohistochemical markers in invasive urothelial bladder carcinoma. A=E: luminal invasive

urothelial bladder carcinoma; F-J: basal invasive urothelial bladder carcinoma. A : Strong and diffuse membranous and cytoplasmic CK20 staining;
B: Diffuse nuclear GATA3 staining; C: CK14 negative; D: Weak cytoplasmic CK20 staining; E: HE; F: CK20 negative; G: Weak nuclear GA-
TA-3 staining; H: Strong and diffuse cytoplasmic CK14 staining; I: Strong and diffuse cytoplasmic CK5/6 staining; J: HE, x200.

E5 ERRAMEREREERERE ERE

Fig.5 Luminal and basal invasive urothelial bladder carcinoma
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Table 4 Relationship between HER2 positive and partial clinicopathological features of invasive urothelial bladder

carcinoma [n,n(%) ]
HER2 X’ P

Muscle invasion 1.096 0.295
MIBC 15/30(50.0)
NMIBC 7/20(35.0)

Stage 3.292 0.070
[ +0+10 14/38(36.8)
\Y 8/12(66.7)

Tumor size/cm 0.002 0.962
=3 14/32(43.8)
<3 8/18(44.4)

Gender 0.683"
Male 20/44(45.5)
Female 2/6(33.3)

Agelyears 0.154"
<55 2/10(20.0)
> 55 20/40(50.0)

Grading WHO 2016 0.006"
High—grade 22/42(52.4)
Low—grade 0/8

Lymphovascular invasion 0.007"
Positive 8/9(88.9)
Negative 14/41(34.1)

pN 0.718"
N1 4/8(50.0)
NO 18/42(42.9)

Ki67 0.001"
Ki67 = 30% 21/36(58.3)
Ki67 < 30% 1/14

Molecular subtypes 0.003"
Luminal 22/41(53.7)
Basal 0/9

HER2: human epidermal growth factor receptor 2. WHO: World Health Organization. pN: primary lymph node stage. MIBC: muscle invasive

bladder cancer. NMIBC : Non—muscle invasive bladder cancer. 1) Fisher’s exact

HER2 BH 1 5t 5 1 8 UBC A1 H: Al 20 27 7% S5 A1
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A (6] ) B 17 245 & HER2 73+ W7 18 Je 20 412z 2 A

SAHTR TR ZE AL UBC A il 5 o X 26k B /R 75 22
XF HER2 PHAE 9 58 i — 28 X 43, LA 3% H BB A
HER2 8 [n]67 3k o 1Y 84 o

Zi b prid , HER2 5532 M 8 9% 53 UBC 17
e VI O, A1 5 U212 A R 43 6 ¢ .
HER2 IR A 45 A 43 F 43 B0 sl /A7 Bl T 0 198 1 7 Y
HER2 8 m){6Y7 A %01 UBC /4 .



766 AR D) a1
Immunohistochemical assessment of basal and lumi-
5% ik

[1] Tan TZ, Rouanne M, Tan KT, et al. Molecular sub-
types of urothelial bladder cancer: results from a
meta—cohort analysis of 2411 tumors [J]. Eur Urol,
2019, 75(3): 423-432.

(2] Hedegaard J, Lamy P, Nordentoft I, et al. Compre-
hensive transcriptional analysis of early—stage uro-
thelial carcinoma cancer cell[J]. Cancer Cell, 2016,
30(1): 27-42.

[3] Robertson AG, Kim J, Al-Ahmadie H, et al. Com-
prehensive molecular characterization of muscle—
invasive bladder cancer[]]. Cell, 2017, 171(3) :
540-556.

[4] Choi W, Porten S, Kim S, et al. Identification of
distinct basal and luminal subtypes of muscle—inva-
sive bladder cancer with different sensitivities to
frontline chemotherapy [J]. Cancer Cell, 2014, 25
(2): 152-165.

[5] Yan M1, Schwaederle M, Arguello D, et al. HER2
expression status in diverse cancers: review of re-
sults from 37, 992 patients [J]. Cancer Metastasis
Rev, 2015, 34(1): 157-164.

[6] Michaelson MD, Hu C, Pham HT, et al. A phase 1/
2 trial of a combination of paclitaxel and trastuzum-
ab with daily irradiation or paclitaxel alone with dai-
ly irradiation after transurethral surgery for noncys-
tectomy candidates with muscle— invasive bladder
cancer (Trial NRG Oncology RTOG 0524) [J]. Int
J Radiat Oncol Biol Phys, 2017, 97(5): 995-1001.

[7] Wolff AC, Hammond MEH, Allison KH, et al. Hu-
man epidermal growth factor receptor 2 testing in
breast cancer: american society of clinical oncology/
college of american pathologists clinical practice
guideline focused update [J]. J Clin Oncol, 2018,
36(20): 2105-2122.

[8] Moktefi A, Pouessel D, LiuJ, et al. Reappraisal of
HER2 status in the spectrum of advanced urothelial
carcinoma: a need of guidelines for treatment eligi-
bility[ J ]. Mod Pathol, 2018, 31(8): 1270-1281.

[9] Jiang Q, Xie MX, Zhang XC. Complete response to
trastuzumab and chemotherapy in recurrent urotheli-
al bladder carcinoma with HER2 gene amplifica-
tion: A case report [J]. World J Clin Cases, 2020,
8(3): 594-599.

[10] Rodriguez Pena MDC, Chaux A, Eich ML, et al.

nal markers in non—muscle invasive urothelial carci-
noma of bladder[J]. Virchows Arch, 2019, 475(3) :
349-356.

[11] Eriksson P, Sjodahl G, Chebil G, et al. HER2 and
EGFR amplification and expression in urothelial car-
cinoma occurs in distinct biological and molecular
contexts| ] . Oncotarget, 2017, 8(30): 48905-48914.

[12] Jiang Q, Xie MX, Zhang XC. Complete response to
trastuzumab and chemotherapy in recurrent urotheli-
al bladder carcinoma with HER2 gene amplifica-
tion: A case report [J]. World J Clin Cases, 2020,
8(3): 594-599.

[13] Afatinib is active in platinum—refractory ERBB—mu-
tant urothelial carcinomal[J]. Cancer Discov, 2016,
6(6): OF13.

[14] Remmele W, Stegner HE. Recommendation for uni-
form definition of an immunoreactive score (IRS)
for immunohistochemical estrogen receptor detection
(ER-1ICA) in breast cancer tissue [ J]. Pathologe ,
1987, 8: 138-140.

[15] Bellmunt J, Werner L., Bamias A, et al. HER2 as a
target in invasive urothelial carcinoma [J]. Cancer
Med, 2015, 4(6): 844-852.

[16] Goodman AL, Osunkoya AO. Human epidermal
growth factor receptor 2 expression in micropapillary
urothelial carcinoma of the bladder: an analysis of
27 cases| J |. Hum Pathol, 2016, 57: 160-164.

[17] Kiss B, Wyatt AW, Douglas J, et al. Her2 altera-
tions in muscle—invasive bladder cancer: Patient se-
lection beyond protein expression for targeted thera-
py[]}. Sci Rep, 2017, 7: 42713.

[18] Ochoa AE, Choi W, Su X, et al. Specific micro—
RNA expression patterns distinguish the basal and
luminal subtypes of muscle—invasive bladder cancer
[1]. Oncotarget, 2016, 7(49) . 80164-80174.

[19] Zinnall U, Weyerer V, Compérat E, et al. Micro-
papillary urothelial carcinoma: evaluation of HER2
status and immunohistochemical characterization of
the molecular subtype [J]. Hum Pathol, 2018, 80:
55-64.

[20] Erben P, Wezel F, Wirtz R, et al. Role of the hu-
man ErbB family receptors in urothelial carcinoma of
the bladder: mRNA expression status and prognostic
relevance[ J |. Aktuelle Urol, 2017, 48(4): 356-362.

(%8 & #)



