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CHEAB2RMNKSRESRFARFZRERE
bk % £ B2 AR B2 BT R B9 0 (B
I8 % g BAE B oW R¥E @ 2B B B

(S EJCEMRAE IR B AL W 200040; P BE KA — B E B AL EYE 200433)

[BE] HH B3 T IR B AR A K S % -2 (hexokinase2, HK2) & Ml | & J& 8 H 40 i 2% K& & (thin-prep
cytology test, TCT ) Bk-& K 7 PR # b 7 98 (urothelial carcinoma, UC) 2 Wi (. Fix BB H 2021 41 H
F 2023 4F 1 F 52 B R A= ME AR 1L EE B EE 2 10 124 (6] R B4 I R R RE , FE B PR A B I R 50T R R T R 43 0 AT
HK2 £ A TCT, LA 28055 BRI K 45 5 225, LA Al ik SR B & R DU X UC iz it 22 7 &R
HK2 832 W UC % TCT HA7 4785 A9 R, HA2 W UC 1 R U5 R 79.52% (66/83) , i 5 80.49% (33/41) 5
Horpiz Wi s 00 UC 1 R A R 90.00% (45/50) AR UC 19 R AHE N 63.64 % (21/33) o 1L 55 11H TCT i & £k
JERAR : TCT 12 W UC 1Y R R S 51.81 %6 (43/83) , Rf 5 BE S 95.1206 (39/41) 5 H i a2 i i 4 51 UC 19 R B Ky
56.00% (28/50) ARG UC 19 R BUE Ky 45.45% (15/33) o 4 H A TT 48 &2 W X U - TCT A UC B A K6 2
W UC i R AR Ry 84.34% (70/83) , Fr 5 B 79 80.49 % (33/41) 5 Hih 2 Wi 44 5 UC 114 R U 4 92.00% (46/50) , 1%
KA UC I REE R 72.73% (24/33) 4518 IR HK2 K 2 Wr UC i 5 8805 & T IR TCT ; 78 & BCA R I mT DA
B 4 =12 W UC JC 2R G00 UC 1) R .

[X#A] CHMEE-2(HK2); BEHRAFRE(TCT); IR E AR (UC)

[FE4SES] R446 [xakirERB] A doi: 10.3969/].is5n.1672-8467.2026.02.009

Value of hexokinase2 detection combined with thin-layer cytology
test in the preoperative diagnosis of urothelial carcinoma

XIA Yi', ZHANG Ying', ZHOU Dan-mei', NI Xiang’, DU Zun-guo', BAO Yun',
TANG Feng', HU Xiao-mu'"
('Department of Pathology, Huashan Hospital, Fudan University ,Shanghai 200040, China; *Department of
Pathology, the First Affiliated Hospital of Naval Medical University ,Shanghai 200433, China)

[ Abstract] Objective To explore the diagnostic value of urine hexokinase2 (HK2) test and liquid
based thin-prep cytology test (TCT) in urothelial carcinoma (UC) by urine specimen. Methods We
conducted a retrospective review of clinical data of 124 patients treated at Huashan Hospital, Fudan
University from Jan 2021 to Jan 2023. HK2 test and TCT were performed prior to ureteroscopic biopsy or
surgical treatment. The diagnostic results of the two methods alone or in combination were compared with
the histological results. Results HK?2 testing exhibited higher sensitivity in the diagnosis of urothelial
carcinoma (UC) than TCT. The sensitivity and specificity of HK2 for the diagnosis of UC were 79.52%
(66/83) and 80.49% (33/41), respectively; the sensitivities for high-grade UC and low-grade UC were
90.00% (45/50) and 63.64% (21/33) , respectively. Conventional TCT testing showed relatively low
sensitivity : the sensitivity and specificity of TCT for the diagnosis of UC were 51.81% (43/83) and
95.12% (39/41) , respectively; the sensitivities for high-grade UC and low-grade UC were 56.00%

ACorresponding author E-mail:huxm1993@163.com
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(28/50) and 45.45% (15/33) , respectively. Combined detection of the two assays improved diagnostic
sensitivity : the sensitivity and specificity of combined TCT and HK2 testing for UC were 84.34% (70/83)
and 80.49% (33/41), respectively; the sensitivities for high-grade UC and low-grade UC were 92.00%

(46/50) and 72.73% (24/33) , respectively.

Conclusion The sensitivity of urine HK2 test in diagnosing

UC is higher than that of TCT; the combination of both tests can significantly improve the sensitivity in

diagnosing UC, especially low-grade UC.
[Key words] hexokinase2 (HK2);

JR % b Kz 98 (urothelial carcinoma, UC) & Wb JR
RE PN WEEMEZ —  KETHE & H
o5 PR B BRI R TE Y L iR R Y 2
O3 GRS T T FORECHARR T T R A A E
B S (8, L BL HE B 09 R TTI2 X T s B
s+ EE . HER I UC K2 Bk T2 5
G A I i PR A B T G, (EL I & O BE RS Vi B s 8
PR BT B AT AR AT 43 G F o 3 IR E R T A B R
VB, IFRBET IZ T S o g It % 4t A 2 o D 1) 6
D5 AHH R AR . AR T A R Y R
% 1 R 9 A W hs AR W B R I T ik ) dn A R AR
22 (nuclear matrix protein 22, NMP22) . 5% Bt it J82 41t
Jit (bladder tumor antigen, BTA) | 2% J¢ J& i 4% 28
(UroVysion) #l % £ 41 Ml i % (immunoCyt/
uCyt+) , ¥ 345 3¢ [ £ i 24 i B 48 3L Jm) AR RRCUH 245
it B 3 Ry 1 AL UE BT B DR AR W) b AR R I A T
1% 28 240 M 2 A A, (H A 7 Al BH M 58 0 L DR OTRORE A fidt
£F e A G BRI BELAS T I IR 5% 4k, HLk = RFEA
s OE A B o R AE G T 2 s A
Ry eI DU KRR 22— BMEAE | R R KT,
957 20 AT TR B AT T B ) W T S, R 2
WEACH 5 5 AR i 20, A OB AR RS, X
— R B FR A Warburg 00 o T Warburg 2L,
BN R DA R = Ny U S D R e B S R
B . BFIY & B B EE -2 (hexokinase2 , HK2)
Y S5 H AR IA R R I b RO AN R T IR R R B R
RRAEZ —" 0 R AR 3 ) HK2 R, % PR T
JI5E 7 240 v e 7 W v R IR0 A R AT G AR T L Tl
it B 3053 B B U bR 10 AN A RS ARSI i R 20
H, AN UC K2 W 7 SN2 — o A SCR #33 HK2
o DU H R RN W R AH B 2 K A (thin-prep
cytology test, TCT ) ik P Fft 7 1 B — IR A A I 7%
UC AR A2 K i oA

thin-prep cytology test (TCT);

urothelial carcinoma (UC)

OB M 7 ik

— R FERL R AR 2021 4F 1 H E 2023 4F
1A 52 B4R A 1L s B JIr ks 0 11 R HK 2 45 5 44
Pt ISR AR Y AR I R A D, AR AR IR Pk ) L AE
R G 27 12 W CHK2 Az i 45 21 DL R e 2 12 W
2 KR UE - [R]ISEA HK2 A6 I | FR 5 7% 40 it 27 A
TG ARG B AR 1) 20 2 B2 2 W 45 R REACRBE T 2 S
P58 I 5 HE B B o« B AR AT DR % L Rz b e sl H At
PE PR . ASHIFAE 2 B B K AEHEHE AR 1 IR B4R
P B2t (AL HE S . K'Y 2025-1387) , fir AT (& 14
S B R .

Fiik

T -2 (HK2) A ml ISR 3BT 6 JR IR B
AL Uk 600X g B0 10 min, 2 3l 45 E 3, A
ITmLGRERE, HEE15mLELE., X g
0 M ff B H (CKpan) . H 240 f b5 & 9 (CD45,
CD66b) (HK2 A br 25 ) 40 B A% e b} 47, 6- ik
HE -2- 28 JE ml Bt (47, 6-diamidino-2-phenylindole,
DAPI) BEAT G 8 2 6 G €8, K Lk 22 20 40 g IR 43
Wi 8 214> B L (TH-AC-6300, 75 M W8 B A B A
B 28 1) H il T 2 0 43 48 O B 4 A 5 A A
DAPI(50 ms) , FITC (200 ms) , PE(200 ms) , APC
(500 ms) , Bright Field(5 ms) , 78 A (& 1), Fl
B0 e S 5 B A B4 B AL (JTH-AC-6300) N &
1 A AR5 AN [ 3 P ) e AR Al i, O N TR
GEL AR AE - A AN M B =5 A Hown AR
A0 M JE =>1.25 4 /10 mL b = KURG: 5 5 1 15T 40 it %
=5 ul A A B =>1.25 4 /10 mL AR K
W6 5 e A6 T 200 5 <5 A i L e AR A e vk <<
1.254~/10 mL, oK WL 58 o KU R BHPE A1 XL
o LA UL S5 R BRI



H 85 COWBONE -2 R0 I A VRS T 0 I A A A R b R R R T2 W R 0 ¢ B 213

A':Nuclear staining; B:Staining of high metabolic marker (HK2) ; C: Staining of epithelial marker (PAN-CK) ; D:Leukocyte marker (CD45) ;

E: Neutrophil marker (CD66b) ; F: Bright field.

E1 BEREGSTBEHS BN PR ERE S A EE (200x)

Fig1 The automatic separator for single-cell image analysis is equipped with 5 channels for fluorescence scanning and

light microscopy scanning (200x)

R E R e S A WO BB CE R B R IR bR
A, 600X g &0 10 min ] /E TCT, #17 HE 4+ {4
AWFFEITA TCT Ik ¥ 2 44 250 6 10 JL 2
Ui 5 38T D) 5, O B UL 5% e 4 e, HG PR
ek B 96 440 i B AT SBE ik R 400 A BE PR G e 9 A
YL B ] S e T2 240 B Ry A o

TR S AR RAE 40 PR
[ 5 A1 A7 G M S R M HE 22 (0, 20 2005 B0 A il
124 A3 B B2 0l I 1 44 1 4 B WA DR 2R 2 I g I e B B
Ui 3t [] JOBT B v 9F a2 W, A 2122 03 28 575 20224F
555 W WHO bR #9873 5 hn e

ZitZE A% R A SPSS 26.0 & MedCalc 19.0
GEt A AT G A o X R AR W A
LR HEAT K . D T O RO A E A R
H HK2 K 5  TCT K P 55 A6 40 %0 bR % b B 9 1)
2 Wi gE L 31 5 il £ T i X (area under the curve,
AUC) R B RE S B FH P 10 D0 (B R ] Tt e,
I 38 1t 950CL M PAEFAR H g it 2 Lo R
Delong £ %6 £ 47 AS [A] A5 J7 2 8] AUC (1) W5 19 L 352,
DL R 25 A D 7 512 W RRE Y 25 5 . P<<0.05 R 22

FHAGI R
+
2 R

BEIGKFBIEEME A oE L BI85 A 51
HIREAS 124 5] v B3Pk B 8 97 1], Lot R K 27 49l
MRy 24~94 4 AR 66 % . 124 B B E P AT
68 151 Ik PR 2% B0 A AN [vi) i PR AR I R, 8 497 i PR 2 By
JEAS SRR , 7 ) PR 28 B0 AN W) R W UK . 9
22 BB 2 W UC & 83 6], Horp, 554 66 ], 2 1
17 B, 40~55 % 9 i , 56 & ~70 % 45 i, 70 & L) I
29 161 o ik Je 5 057 4 45 % Bk 56 1) LB 18 1) K R A
40 B A IR 1 VB A TR R 46, T
UC o, 50 il 20 212 53 94 w3 2000 UC, 33 i R ik %
MUC, HAx 41 1 B35 5 22 Wi b 3 b e A%

CHEMEE-2(HK2) M &R HK2 /45 R H
PE 74 1), B0 50 61, LLIE K 20 800 #92 W h e A& 12
Wy 45 S E A7 % b, e B B A 8 9 B BT 17 91 (3R
1) . HK2 &l i2 W UC /) AUC 4 0.800 (95 % CI:
0.714~0.887) , REE 4 79.52% (66/83) , K 57
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80.49% (33/41) , BH M 11 I 1K 89.19 %0 , B 14 5 900 1L
4 66.01% (P<<0.001), FEWL5E 2,

TCTZ R TCT M 456, FHE79 6. LLIG
Ko 4 2055 B2 Wi o S 2 W 45 R E AT X H L LR
BHME 2 1), BB P 40 451 (2 1) . TCT 2 W UC 1

AUC H 0.735 (95%CI: 0.648~0.822) , 7 i & K
51.81% (43/83) , F S BE 4 95.12% (39/41) , FH P 7
WE 95.56 % . B 1k 150 0 {H 49.40 % (P<<0.001) ,
W2,

R1 3MEUTESHARRLAN UCHER

Tab 1 Diagnostic results of three testing methods for different grades of urothelial carcinoma [n(%)]
High grade UC 50 (40.32) 45 (36.29) 5(4.03) 28 (22.58) 22 (17.74) 46 (37.10) 4(3.23)
Low grade UC 33 (26.61) 21 (16.94) 12 (9.68) 15 (12.10) 18 (14.52) 24 (19.35) 9 (7.26)
Non-tumor lesions 41 (33.07) 8 (6.45) 33 (26.61) 2(1.61) 39 (31.45) 8 (6.45) 33 (26.61)
Total 124 (100.00) 74 (59.68) 50 (40.32) 45 (36.29) 79 (63.71) 78 (62.90) 46 (37.10)

HK2 : Hexokinase-2; TCT: Thin-prep cytologic test; UC: Urothelial carcinoma. ’The “ + 7 was defined as detection of either HK2 or TCT
positivity. @ The “ - ” was defined as both HK2 and TCT showed negative results.

F2 HK2.TCTEMKREEISHERBNES
Tab 2 Analysis of the diagnostic value of HK2, TCT and combined detection for diseases

HK2 0.800 0.714-0.887 <20.001 79.52 80.49 89.19 66.01
TCT 0.735 0.648—0.822 <20.001 51.81 95.12 95.56 49.40
Combined detection 0.824 0.740—0.908 <0.001 84.34 80.49 89.74 71.72

PPV :Positive predictive value ; NPV : Negative predictive value.

HK2 M F0ER Bt & AR FBA SR ER 1240
BOE R HK2 & I 1 TCT A 45 5 34 o B %
78 461, o rh BB Pk 8 B8] B B G 2 SR 34 Oy B M A
461, o B BAME 13 61 (£ 1) . A K D2 B UC
) 2 R Sk 84.34% (70/83) , HE FE N 80.49%
(33/41) o BRAKM UC /Y 2 R 5 T 5740 i 4G
()=54.195, P<C0.001) ,F¢ FEA G % E 7 (Y=

34.880, P <C0.001) ; BK & K I 12 K UC 19 2 80% &
T IR M 2A K (P =16.774, P<0.001) , i &
FREERAZRITFE X (}=3.980, P=0.046) .
Delong ¥ 56 45 B 718, HK2 #:3l 5 TCT 1) AUC 22
SIG A 2F 7 X (Z2=1.593,P=0.111 2) , i B4 46
1 AUC 3% 5 T HK2 K (Z2=2.038,P=0.041 6) I
TCT(Z=2.350,P=0.0188) ,1E W% 3.8 2.

®3 FAEKEMFELEHMNELR

Tab 3 Comparison of diagnostic values among different detection methods

HK2 vs. TCT 0.065 4
HK2 vs. Combined detection 0.024 1
TCT ws. Combined detection 0.089 5

0.041 1
0.0118
0.038 1

—0.0151,0.161 1 1.593 0.111 2
0.0009,0.047 3 2.038 0.041 6
0.014 8,0.164 0 2.350 0.018 8

RESREFHEMICMAEZENXE AW
LAz W oy UC 899 B b, HK2 A6 DU 2 8 i 22 5]
UC 1Y R AUE R 90.00% (45/50) K UC 1Y R fi
FE R 63.64%(21/33) , W #H 22 R A G it E L (=
8.484, P =0.004) .

PR A2 T 5 2501 U C /) R H 56.00 %6
(28/50) ARG A UC 1y R 8 45.45% (15/33)
P ZER LG L (¥ =0.885, P=0.347)

I A K6 I 52 7 7 9 1 UC 1Y R 4805 92.00%
(46/50) , IR 25 UC #y R B Hy 72.73 06 (24/33)
WHERARIT¥E X (F=4226, P =0.040) .
HK2 K6 32 W e 2% 50 UC R 85505 w85 T bR 25 40 g 2%
K, W EEZSARITFE XL (F=1.524, P =
0.217) o 564 60 0 0 PR B 7% 40 B 12 Wi e 260 UC 1Y
RPE G 2E 7 (¥ =3.339, P=0.68) ,HK2 £
T FITER A 4G 00 T ) UC BB, I 2 R A 40
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1.0

=05
b2 —HK2 test
—TCT
_ Combined detection of
HK2 and TCT
0 0.5 1.0
1-Specificity

2 HK2.TCT R MEBK AR HIS W ERE
Fig 2 Diagnostic performance of HK2 test, TCT and their

combined detection

2 E X (F=29.016, P<0.001), HK2 M F1 R
I8 7 440 24 G AR 20 53 UC 1) R G242 7
(¥=2.018, P =0.155) , k& K M2 W AR S UC 1Y
TRORR RS e T R MG % A B 2 A T, T 2 e G
X ()=7.946, P =0.005) . B4 A HK2 K
AR 253 UC /W RO 22 52 A G it 2 3 L (=
18.040, P<C0.001),

f i

UC J2 WA JR 2 58 T fie 0 o WL B PR R 2 —
v P G e HE 44 J T T 55 P R b R R R 8
fr), BRI UC B 5885 I 98 A%, (HL B A &
o e B R R TR B R UCH 1%
RIT I E N TR UIER G LAREVE AL )7 55 . T RATH
W12 W R T R 5 58 B4 1 T HORS T i DR A B T A
R A A A7 B R A T I 3 308 A XUBR: K R R
MR AR 38 TR e B2 L RTRE S 2O R A SR
7 ER

JR I ¥ A0 O AGE A A D — TG B ARG A, AR T B
K B A 5 1R AE R O s A (EL A T R
F0 R, FCAGE HE R X R A o O AR R, A4 R
20 AN ¢ 5 A8 0 B A5 B AR 4k Bl 2 s T
VRt 7 200 L 1 b o8 O A L (ELSOOAS EE AR TR
TF 258 B9 R 12 W T BOR 4 & A 2 W B $25
A AR A2 T UC B MERG R, FAT E 20 IR

it S 200 98 R 25 A 2 B Sk S P b R B
BRI Z — o ALEE UC 2075 P Y b e 40 1, 35 A
o 14 A3 5 2, HG RO A SR A DA L 2 i
N HK2 3k 5 5 1Y & o WF T IE S E o A I 40 i
PRV 7% A0 HK2 %6 T2 W UC, G H 2 IR 5

R T AE R UC B RAFA s M . TCT M4
T A% Gt DR B V6 A0 M vk R B A e 1 R R R R
B8R HUE AR T 900%™, H TCT M2 Wi A nf
G b A7 B U ) 22 56 S W XA S 0 s A — a2 Y
T, S H MRS UC, H4i g TR A B, 5
WRSWE, 55 RN A BEHREN
B o T HK2 1 235 0 30 %0, 7E LA LU0
MEFEN T — B LRk TR IR 22 . ARG K
B, HK2 M5 F TCT X UC Tt H B R % 5 UC B
B R R S A BUR B SR F 9020 DA B, W)
4w UC MR B2 WK BE | (] B 328 T 1 2
TR o T R B P DR I L R g 1 O A LA AR
X5 E N A AT I A AR BR TR B
i Z A0 HK2 1 58 338 5 Z 50 s i £ 9 22418
HEIE A OE R A HK2 K0 A7 B T 97 K 0 2 v [
AR R A T I I A7 1 JE Al i gg a2 8 M i i )
IR IR B ) S D UL R R 2

A 5 TP AF AE — S A8 B R ), B ) A G 2
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Y S, A BF 9T BA A HIK 2 46 00 15 FF 2 9 131 v A7 A
2 {51 B P g, 43 5 Sk PR I Bz LSk bR R R P R
L3RR 3 T e B TR A L DR R 31 O O TG A
ROCHRIGE o BRI K45 2R Ry 10 (0 25 IR B A7 7
B R Z 0 g, X B H R E VMY . A, &
AT 5T X HK2 78 R Mg v (9 38 58 JF J8 5 22 1 4
KT

M TSR A TCT f 4, 54 iy
WP 4 AR A2 WOk 8 Fe 5 B S e H
RS A3 2 A A Al R B B A R )2 I e o DA
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SRR T ARG ER 3, DAL B 3R ARG A o (2) Ay [ Jost
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