MINXZZH®R(EFHHR) 2025, 56 (4) :1045—1050
J Sichuan Univ ( Med Sci)

PR i BB 21 i B IR BUE 77 1E O A2 SR 4R A 4 B e 30

%O, ¥E#, EAEK F 7. kK TO°

PO KA O BE 2 1 P B i 4 B 0 S0 80 % (il 610041)

[HWHE]1 B FIH4-EFEERR-1-2 1Y) (4-nitroquinoline 1-oxide, 4-NQO) 755 19 /N B 1T f HK 4f At 93 (oral
squamous cell carcinoma, OSCC) 5%, Z2 Gt i AT bk 1k i AU 21 5 i S #8407 771 (urokinase-type plasminogen activator, uPA ) 75
RPN EE . ik Kres AR Y B A B CS7BL/6/NRBEHL S 240, Horh50 22 4-NQOA, 4§ H LA100 ug/mL
4-NQO M3, 7315 FUNKT IR ITC /KSR . 2351012, 16, 20, 22, 24JABEHLFRE10 H4-NQOAL/IN 553 FUf HELL/IN U
AL, R HEAR A THEE (AL W OSCCRITE I, FH AT S e e (o5 SEm O E it PCRAGIN OSCCHE i 7 7 ¢
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OB LR SR R AN ORI A | 2 255 20 JA) T B v B R R AR R, (R 45 24 22 R B AR 2N 25%, 24 JHI B T2 70%
PEDENE UL (0 K qPCREE S W, BEOSCCHER HERE, ZH 4 uPAR A B I (P<0.0001) . it AT AIGESL T 4-
NQOIFF W OSCCHLRY 2 H MV HERHE, TR /R T uPATE MR RZE T A4k, S R WIS BORTHETR YT SR B Y il 555 T
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Dynamic Succession of Urokinase-Type Plasminogen

Activator in an Oral Squamous Cell Carcinoma Model
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[Abstract] Objective To systematically characterizes the temporal changes in urokinase-type plasminogen
activator (uPA) over the course of neoplastic progression using a mouse oral squamous cell carcinoma (OSCC) model
induced by 4-nitroquinoline-1-oxide (4-NQO). Methods A total of 65 wild-type C57BL/6 mice of 5 weeks old were
randomly assigned to two groups, a 4-NQO group (n = 50), which received daily administration of 100 pg/mL 4-NQO in
drinking water, and a control group (n = 15), which received sterile water. At 12, 16, 20, 22, and 24 weeks, 10 mice from
the 4-NQO group and 3 from the control group were randomly selected, weighed, and sacrificed. Tongue tissues were
collected for hematoxylin-eosin (HE) staining to preliminarily assess OSCC development, and for immunofluorescence
staining and quantitative real-time PCR to evaluate dynamic uPA expression in tongue tissues during OSCC progression.
Results After 16 weeks of exposure, 4-NQO-treated mice exhibited significantly lower body mass compared with that of
the controls (P < 0.05) and the weight loss became increasingly more pronounced over time. Histopathological changes in
tongue tissues progressed in a clearly time-dependent manner—hyperplasia and mild dysplasia emerged at week 12, while
moderate-to-severe dysplasia and carcinoma were observed by week 22, yielding a tumorigenic rate of 25%, which
escalated to 70% by week 24. Immunofluorescence and qPCR analyses demonstrated a pronounced, progressive up-
regulation of uPA expression in lesional tissues as OSCC progressed (P < 0.0001). Conclusion This study not only
confirmed the uniqueness of the 4-NQO model in OSCC research, but also revealed the changes in uPA during tumor
invasion. These findings provide a theoretical foundation for the development of early diagnosis and precision treatment
strategies, holding significant potential clinical value and research importance for improving patient prognosis.
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377 713491OSCCHa 4], 52 B I R A B 24 Bk
W52 B IRRZEY . OSCCAUHA = 22tk
FHE, TS0 KR ST L 45 L RS, BT T-Bo
WA HE AL, LG TR, AT SRR G T &, (HARF Y
HAAERATAAT 50%" o LAk, 10T R I K L R A
FIATAT I RN | R FIOR 02 o, BETIS R 0 A IS
I, R T IF & A S OSCCIAYT ik, IR AL T f#
OSCCHYIE LA B AE I it 72 AR 5 DR 5 (9 22 A 175 0 X
T B AT T R O

TEOSCCHEEIE R R b, M IE BRI I B 598
7S (R AR RN I BE 1 5 855 ) B L, o
L HEINGEAE | H F  Se H FRISAME 508 B IR 45 22 AR
AT He b bR B ) 2T 5 Tl SO 7] (urokinase-type
plasminogen activator, uPA) NCER I E Al R4, i
AP- VR RSP BEAT IR . uP AR —Fh 22 B IR R
K fifp i, 2SN T I AR A VO 0, 7 A B B A%
PF R L SN 2 5 AT A 2B 5, A A
AN (extracellular matrix, ECM) 25 [ AU 7K fif, 4% IV 7Y
JE IR, TG TV R STV I, B R 2 B S 1 B BRI
JIERE, 25 1EH AR B AU R . uPAR] LAd i B %
FIAVEGHF S s A /EECM T IR 50, s 5
20 M 1 BRI B AH OC RS T8 B, K 435 LA A Y
PERIM . HEAh, I RAIFFEIESE, uP AR 7K -3k 5 OSCCitk
EL 4l R A8 T im B S R XUR H AR 51, 7 T B
AR BB A I S5 T R AR AR S . I, uPATE
OSCClimRZWr A E (B A — 2B

BE T HT I S22 W, by Al BRSO B9 G 22 P
OSCCREMERE LAY 35 e S ) R FEAS i uP AR
SRR R Bl TREARAIR, uPATER
A WbR SR TR BT B TP RIE . AR B
FE71A4-NQO H SRR 5 T/l A & U A6 A, s it
MuPALEOSCCIE It B b 92 Ak, RGEVPAN HAE Ay 44
bR W) BT AR R AT AT, AT R S5 B AL IS
PEE PR AR

1 MRS

1.1 LIz

SPFZLC57BL/6/ih 7 5 JEl i M B 1 VL3 A 25 24 e A=
PR A A B W), 435 1 DU )1 KA A 0GP 2
B 11 B e R A L 5 T o, s i) 3% 24 R E R (20 ~
26 °C), MEEE30% ~ 70%, WIKG 112 h/12 he
1.2 FEiLH

4Tl FEMER-N-E L) (4-NQO) (sigma), P i (F

SOAR), BER S b W W (PBS), PrimeSTAR Max
Premix(2x) ., Premix Taq(TaKaRa Taq Version 2.0 plus
dye) . 5xPrimeScript RT Master Mix(TaKaRa), TRIzol
(invitrogen), 4%Z R H %, uPA (proteintech) .
1.3 OSCC/MRENIEBY Ay 3T

$5240 mgf4-NQOWAf#AE48 mLIN i, i
i H g AV, 45 085 mg/mLAY RN, 4 CUKAR 4 .
FEAE B, IBCRE R A TG B K B K100 pg/mLAY4-
NQOHIFMEFR/IN . ¥ MaK 1Y 65 HSPF C57MHE K, FHIL
4y h24, 50 ok 4-NQO4H, 4 H 1100 pg/mL 4-
NQO W57, 515 H R xf B AT /KSR . 45l 12,
16, 20, 22, 24 AR FEHLEC10 H 4-NQOL /N3 H X A
/N RFREIFALSE, REFEAMATIE S0, A S
¥ BB IR DL RN Sl )8 302 D S AL HEEA T, 1L
45 WCHSIRB-D-2021-366
1.4 HE#E

PR T HLREAR 43 Ry =, Hoh—2R i AR
SIECRN A% Z R P E48 he B8 R R LUK
JE AT AL, RIS YIRS um B Ao R4
LI S, SR IR R - (HE) % ML ikt et
FEAE B BT b R 4 LR B AR Ak, T T 414
BT o
1.5 REWLRE

PO EEFEAYI N 3 um S 5 AT S e Ot g
HEDTA antigen retrieving bufferif 14L& & )5, % in vl
B i 2 U oA R o S S B T R, R TR R DGR
10 min, M HuPA(1 : 100) P Bk 28 CHIEIRG I E
20 min, PBSYETA3YK (2 min/IK ), —$i28 CEOCIRG W H
20 min, PBSPEIA3IK (2 min/IK ), #E4TTSA R 6 541
PRGEBE, 76 FHD APTX 20 Ml A A T YL ), SR T PR
JEHEFTES AL B, YR T 2 im i SO R
I RAE UL, 5 22l Image] X PG 47349 6o
3T
1.6 LEFZEEEPCR ( RT-qPCR)

PN — B E RS T —80 C, IR 2Z —
J& B3R 5 FH Trizol IR RNA, 4% 5% cDNAJA H
TG R

FHE 5 SR S 120 uLIR MR R, ROV T
H: 95 CHUZENE30's, 95 CAEMES s, 60 CiR K30 s, 60 CHE
11 min, $E40MEER, ZEMEE HFIEETOL S S . MR
R A S R P s ST Z 95 °C, TR 260 CJn, TLA
0.5 °C/s SBIGTHRE 295 Co BIYMHERVEY G B, 151
1, KA 2 A 045 k. LAGAPDHAE R N2
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Table 1 Primers for RT-qPCR

Gene Forward primer (553’) Reverse primer (5'>3’)
GAPDH TGTGTCCGTCGTGGATCTGA TTGCTGTTGAAGTCGCAGGAG
uPA AGCCATCCAGGTCCATAC ATAAGCGGTCCTCCAGAAT

FE, (27O RS BRI Rk O
1.7 SitEFHE

T A S 4 N7 A F D 3R, S A4 A A
GraphPad Prism 8.03K /-1 7 /0 Afr 2 1&] . W2H ] Y FL A
K AAEBCXT AU Student's R 56, WIZH DL 1 A9 FE R
One-way ANOVAK S, IR FHTukey's2 5 [LACHEA TR
HBE T, P<0.05 22 A et

2 #R

2.1 4-NQOIR/KiIFESOSCC/MNRIER HIFHSHE

4-NQOH 5% ML TE 45 2511 (5 ~ 12)8) A ek
BHEFREZER TGI8 X, b5 4-NQOZ 2 h]
B, /N BT 2UR TR, 44251685, 4-NQOUL AT
HAL T X IR (P<0.05), HBEZ 250 R4, (R T i T
O, WL FRAEREE R B E A SR S A
A, X FRZH W IR A A Hp I HERE, RS R AT o

301
0 20T
4
E *
>~
E 10 I ************
~- Control group (n = 3)
—# 4-NQO group (n = 10)
0 . . L
5 12 16 20 22 24
t/week

Bl 1 4-NQOASMRA/NMNRIFREE
Fig 1 The changes in body mass of mice in the 4-NQO group and the
control group
"P<005 """ P<0.0001, vs, control group.

figg e 2 SR (1612) s, R IR/ SR AR AR S5
WA IR BB, ik R4 BB FLSk i 20, 4-
NQOZHTE S5 12 I F] WL 75 A T (R 8, (HL 5 PR 2L,
S 16 AT BT 4f B BEHR, AW e B AR AR,
—BIREA AT W22 mm BB SRR A2, 20/ ), T FLk R
ARG, B GPOIR | AERRSERE | BoRRRIE 4, B @
FOIRBBESBESR, 5522 ~ 24 8] I 55 2 OHLRE P2 HE TR, 2
BOREAS I BUR/INAS— I g 3 TR B PR A
22 ARFEFHH54-NQOREZ KA XEX

4-NQOZH 4 77 1A 2H 25 A 1 52 L1 Bt A4 1 1)

12 weeks
16 weeks

20 weeks

B 2 4-NQOMRFF/MNR EHHE
Fig 2 Tongue lesions in 4-NQO-fed mice

A, 4-NQO group; B, control group.

MM I R (IE13) « AR 25 25 12 JE W 38y 1E 5 1 Bz 40 e
(normal, NOR), %43 25128 FF i H B3 4= (hyperplasia,
HYP) 55 EEA AN A (mild dysplasia, DYS), £5 245
2208 B B N LR 2 (moderate to severe
dysplasia, CIS) FIJ# (carcinoma, CAR), 7545 2422 J&] B} g A%
#125%, 245 I FF270%
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Occurrence of stage

0 12 16 20 22 24
tiweek
sNormal =Hyperplasia =Mild dysplasia

= Moderate to severe dysplasia =Carcinoma

B 3 4 NQOREMKEFRELEE (n=10)
Fig 3 The occurrence of lesion associated with the duration of 4-NQO

exposure (n = 10)
2.3 uPAEHZEAREOSCCIRIE Y BRI HFIE
X355 68 B B (K14) 7R, OSCCHL 4L iy
uPAR IR 5 IEH A LU LIS N (P<0.001), HEMREEE
B, uPAMFRIAHBEZ
24 AREREHLAPFE uPA mRNAKRILKFE
qPCRIG I — A G FuPAZE IS b, &l 5 pF
N, SIEFHEH L, AR H L P uPA mRNAK-THE
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Fig 4 Fluorescence expression of uPA in 4-NQO-induced OSCC at different pathological stages

MFI: mean fluorescence intensity. n = 5. : P <0.05, o P<0.001.
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Fig 5 Dynamic expression of uPA mRNA during OSCC progression
n=5."P<005 P<00L " P<0001," P<00001

20f%(P<0.0001), H EMFEEE S, uPA mRNARFRIAE
Wz,

3 it

HNSCCIFE & N ER F 20 ANFL L Jd i 2E (HPV) . AR
FNEATE™  AHF I8 BEPE4-NQOE T 19 /IN B 1 i g A5 78
T8 T HAEAE RS OSCCHY Z B Belt JRAFE, M
7 72 380 3 V0 9 1 5 B A 5 R I D R v —
U, XN fEHTOSCOIABE 2 A AR 4R 4L T 2l R 5T
W

BIRRIMIF T AR T . ARSI bl

N TFRIBARER, AR TG 76 A A0 e foA b 1) 52 2%
P, By Ry O AEAE DR 22 . PR, HE ST BB RS S ik
OSCCTEH ALY EAE R B iR = e 2 . HAtHF
WX OSCCHy B YRR FE /N . B & BRURIR ™,
Forp R/INERBARE F i i 2 K BOUm Y, P AL e B R A
AR B R TR SR . # HUR A9 OSCCIY
SRR A RN T AR R EEY . R
S5 T R AL [ 5 DRSS 7R LA g 349 o, (R A e i P
/NER B FEAT T 4H 7 bR a2 i b B4 F JE s i e
HHZ T, 4-NQOk 17 R R GRS SE B R B [ K2 - A T
AR A T A B e A R S DG R A B AR AE Y,
HCAHLRIRFFE 1 B G hnif

TE AL 25550 Hh (4n20- F R B (20MC) | 9,10-
THIE-1,2- 9 B (DMBA ) %5 ), 4-NQO PR H A K¢ A ML il
WA B . HA R = 5| R B0 KN R, B
AL, IS T OSCCHIfTFZE . 4-NQOYFE
B R RS A 5 R DNAZ AN A, 4-
NQOH 21 iy A= S A 3R, 38 3930 p 53 FlThRas 28 48
Ml pleFRik, BLPUR R EIEBN >, HE TN, 4-
NQOW5 3 (i A2 it FEEAE HOE B oA b R A 1Y, 58 %
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