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Abstract

Renal cell carcinoma (RCC) is the most common malignant tumor type of all genitourinary cancers,
and morbidity increases rapidly. Herein, we investigated the relationship between the expression
of CD44 and MMP-9 in renal cell carcinoma (RCC) and the clinicopathological features of patients
as well as circulating tumor cells (CTC). A total of 114 tumors and non-cancerous Kidney tissue
samples were identified. Available clinical records were reviewed. The expression of CD44 and
MMP-9 in 104 RCC samples and 10 non-cancerous Kidney tissue samples were detected by immu-
nohistochemistry. Positive enrichment method was used for CTC test and classification. We found
the positive expression rates of MMP-9 (69.2%) and CD44 (65.4%) were higher in RCC than
those in normal kidney tissues (P < 0.05). The expression of MMP-9 and CD44 is associated with
WHO/ISUP nucleolar grades (P < 0.05). The positive expression rates of MMP-9 and CD44 in pa-
tients with positive CTC test results (60.6% and 57.7%, respectively) are significantly higher than
those with negative CTC test results (8.7% and 7.7%, respectively; P < 0.05). The positive expres-
sion rates of MMP-9 and CD44 in the RCC of patients with mesenchymal-type CTC are higher than
those in patients with mixed and epithelial-type CTC. In conclusions, MMP-9 and CD44 overex-
pression is associated with RCC pathological grade, CTC quantity and classification, indicating that
they could be potential prognostic factors and serve as new potential therapeutic targets for RCC
patients.
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1. EX

B 41 g (RCCO) 2 M IR R Gu e i WS IR 2 — o 75 B4t 5399, JCRHEREIR, 16k = WA
BWIFRIE, 21 20%~30%01) & 155 — U2 ] fe R A b d6 A5 1], B RTNIE, CRIVE P 1K
HYRTZE5 T EME AR — P& nT (2 g 75 1 s i 48 SR 7, 0 MMPs fI CD44, 53—
MR HIE -, W VHL M PTEN. &1, HAUINLEILE fridk— Bt . ik, SRS A
SR 2R DA TN A A 1 ' 0 P T ¥ 97 B s A G EE

PEEEAERIE, MMP-9 fil CD44 £ RCC HFFRX /K TP E. CAWREMH, £ Ras-MEK-ERK 15
SR, MMP-9 A LAY CD44-ICD 454, #HATHE— I [2]. BATHALY) dd s b
WEFE 7 N IE B 4L ZUR S 2 e Fi R 41 2R CD44 A MMIP-9 25 AL, KL CD44 F1 MMP-9 & (7E
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B 20 e 2H 23 b R IABR F . X R B CD44 F1 MMP-9 1] RE7E B 40 i (1 R A2 R R iR 8Us /B o 8 T 3810E
E— ik, FATE T CD44 1 MMP-9 7E RCC HZIHF IERIE, 04 T CD44 il MMP-9 [F3Ri5 5 RCC
ST PR s BEARFAE 2 TR] PRI R 2R

AIE TR 988 20 B (CTCYar il o — Pt AR TE A 0 BT D732, e —Fh e R A R0 753, e TG i
JEE TG . FRANGRZ IR TT 7S 2 CEZER/EM[3]. CTC 5P fils i, B CTC
o 235 SR B 2 ) 8 O TS R AR AT B AE BRI B 4 e Hh MIMIP-9 Al CD44 5 [ 7E B 4 il s Hh R0k
MR AR, UUASImPREFEAN CTC HIAHICE, LA B 4t e 1) S22 W s 38 7 R0 T D00 900 J 4R 208 1) i

%
2. AT
2.1. BEEE

PO R B B R P R I 2017 4F 3 H & 2019 4F 10 A3E4: 104 BEH4IMYE CC B#%, RRKME
KEH . 104 Gl CC &3, TvE 88 1, ik 16 19, “FIFES 54.2 5 (19~80 %). Ay & HIL Bk
WO B IR, K WS BB AN R B RS  ARTE WHO/ISUP 4= 73 24[4], 82 Bl AR HI(1~2 4%),
22 BIAEBEANG~4 K. BAMEALEE B, TS LAVE R BB fE B B 4% o i AR v
BHLSWE N IR BN 78, L3 Bl R 34~67 B, SFIFR 53 %

2.2. YHRAER

N e 20 R ACHIN 5K [ S58B4 11 77 O ([ 1 228 2 ZE R K %), #E RPMI 1640 (HyClone,
Thermo, )5 10%64 MiGJEAF TG SMF, R/REEME, SEE)F 5% CO,7E 37°C.

23. REENSRE

GGt YR ERTE R M(pH = 6.0) R nARIPTE . £F%F N CD44 [HF St fidk
(1:100 #4%; CST, FEE)FI MMP-9 & [(1:200 #fE; CST, 32 E)F Mo il i v B Bk AT faoks . s s
0 (R FEE FH P 42 ST R0 82 R B AT BT BRI 2 o B A IR E S ) A 5 PBS AZINR 1gG1 (Santa Cruz A
I ARWE R AR TEXT BSPATIZ AT . BEASFEAS I BH I G 85 BooR AR . MMP-9 fE41 A5 Th R IX,
T CDA44 {E4I B E3RIE o ARG SCHR X Ge i 8 k172 e M [5]. FHPELN I 40 EE oA 0~100%, S fiin
FEMESRNE: 0, Ut 1, MAifh, 2, &5t 3, IR B BH PR M 7 20 bU RN G (008 FE P43 AH 3f
BENLILEL 3 NMLEF. g, 1531— M0 2 300 439505, =100 43 Bl RE A B I\ g2 BH A
2.4.CTC

B 41 i Jes 2B 3 SR FH i K 2F SR 4R S mL AME AR A, HEAEN 8 um MFLBRREHERE IS I8 . P& it
KRGO IEE . TERKENEEESZR. BE-Z 96 AT EEMETE. FH Mg
MR EE TP BRI, BAMMMET 5 280, REHEHE 4% B KBRS 522 257K (pbs)
g BH BRI RS S, FERYHTIFAISEH ZE D 0.08 mpa, AR5 I T 5% U B AR i ik
1TILIE[6].

2.5. % E RNA [FAIZ3Z(RNA-ISH)M]

LSRR, I %2 E RNA-ISH &0 CTC rh b SRR ) 70 R A6 [N k. 58— 4L s 4

A E R A bR B RS RS SRR AT EpCAM A4 A 55 A (cks) 8/18/19. &5 2 WA H 78 i AE Wb B4
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o VR SRR ET U B R A . e — AR A VAN AR YRR B CDA4S FIRSRIRER (R 1), B
i, {REAZEVERE ERA LA T AR AR . ARE, F BRSO SR AT T R A
KR e, AUMLH 4,6- &2 2K FEEIR(DAP) et £ 4R 100 MBS AR ERT BXS3; Bk
B, A5, HAY). g WERINPO6E S A aMEE S0 BIARE E R 78 R E M RE, %6
P RARER CD45 R (A4 AR E ) I ZRIE[ 7] [8].

Table 1. Multiplex RNA-in situ hybridization (RNA-ISH) assay
% 1. %E RNA B35 (RNA-ISH)

Gene

EpCAM

Sequence (5°—3")
TGGTGCTCGTTGATGAGTCAAGCCAGCTTTGAGCAAATGA
AAAGCCCATCATTGTTCTGGCTCTCATCGCAGTCAGGATC

TCCTTGTCTGTTCTTCTGACCTCAGAGCAGGTTATTTCAG

CK8

CK18

CGTACCTTGTCTATGAAGGAACTTGGTCTCCAGCATCTTG

CCTAAGGTTGTTGATGTAGCCTGAGGAAGTTGATCTCGTC

CAGATGTGTCCGAGATCTGGTGACCTCAGCAATGATGCTG

AGAAAGGACAGGACTCAGGCGAGTGGTGAAGCTCATGCTG

TCAGGTCCTCGATGATCTTGCAATCTGCAGAACGATGCGG

AAGTCATCAGCAGCAAGACGCTGCAGTCGTGTGATATTGG

CK19

Vimentin

CTGTAGGAAGTCATGGCGAGAAGTCATCTGCAGCCAGACG

CTGTTCCGTCTCAAACTTGGTTCTTCTTCAGGTAGGCCAG

CTCAGCGTACTGATTTCCTCGTGAACCAGGCTTCAGCATC

GAGCGAGAGTGGCAGAGGACCTTTGTCGTTGGTTAGCTGG

CATATTGCTGACGTACGTCAGAGCGCCCCTAAGTTTTTAA

AAGATTGCAGGGTGTTTTCGGGCCAATAGTGTCTTGGTAG

Twist

CD45

ACAATGACATCTAGGTCTCCCTGGTAGAGGAAGTCGATGT

CAACTGTTCAGACTTCTATCCCTCTTGAGAATGCATGCAT

TTTCAGTGGGCTGATTGGCACTTACCATGGGTCCTCAATAA

TCGCAATTCTTATGCGACTCTGTCATGGAGACAGTCATGT

GTATTTCCAGCTTCAACTTCCCATCAATATAGCTGGCATT

TTGTGCAGCAATGTATTTCCTACTTGAACCATCAGGCATC
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2.6. GeitoHh

KA R TR CD44. MMP-9 3k 5 RCC BH MG AR B Z R A<M, FHHiFE CTC
R GREWGEZEHEM . FrE MR A SR AR 7 (SPSS) #44:(13.0 i, SPSS Inc., 2N
&, IL, USA)XH 4T, P-values < 0.05 #iA N2 W EER.
3. /R
3.1. CD44 1 MMP-9 7£ B 4R IE EH AP RFRIA

CD44 15 & 41 i 412U b FI B R IE RN 65.4% (68/104), T MMP-9 HIELBIA 69.2% (72/104). {EIE
W EAL AU L5 KB CD44 B MMP-9 [I3RiE. WA 1.
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Figure 1. The expressions of CD44 and MMP-9 in human RCC tissues and normal kidney tissues. ((a), (c)) CD44 and
MMP-9 are overexpression in human RCC tissues, x400; ((b), (d)) CD44 and MMP-9 are weakly expression in normal kid-

ney tissues, X400
1. CD44 1 MMP-9 7£ RCC FMIE & BABAEFHRIL. ((a), (c)) CD44 F1 MMP-9 £ RCC ERIXL, x400; ((b), (d)
CD44 #1 MMP-9 £ IE & SR RRRIE, %400

3.2. CD44, MMP-9 ERRIFRIE K SiaARSFHERHE <M

ARSI RIS 1) MMP-9 55 CD44 il RCC 84 83k % R E G2 5 (P > 0.05). Tkl &
/v CD44 I MMP-9 785 %5 ) Fuhrman 4325 13 3IE (P < 0.05) (3 2).
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Table 2. Comparison of CD44 and MMP-9 expression among RCC patients with different clinicopathological features
% 2. AEBTEIGKBIEFHER S AR EE CD44 F MMP-9 RiXHIELER

CD44 MMP-9
n

+ - + -

Age P=0.217 P=0.671
>54.2 54 (52%) 32 22 36 18
<54.2 50 (48%) 36 14 36 14

Gender P =1.000 P=0.771
Male 88 (85.4%) 57 31 60 28
Female 16 (14.6%) 11 5 12 4

WHO/ISUP grade P=0.023 P =0.000
1~2 22 (78.8%) 19 3 22 0
3~4 82 (21.2%) 49 33 50 32

CTC P=0.031 P=10.030
>3 85 (81.7%) 60 25 63 22
<3 19 (18.3%) 8 11 9 10

3.3. CTC B943 3

48 EMT Aric¥, # CTC - A= HF: ERAMES) . SR (E+/M+)H A 78 i 40 f(M+), a4
2 7R, 85 41 CTC il CTC BH (>3 CTC/5 mL ML) [9]3X = AN CTC MRS T 38 5 I #(81.7%)
T AEXT B A N 5 L (10%, P < 0.05).

(2) (b)

epithelial (E+) biphenotypic (E+/M+) mesenchymal (M+)

Figure 2. Representative fluorescence images show RNA in situ hybridization of epithelial-type (E+), biphenotypic (E+/M+)
and mesenchymal-type (M+) CTCs. (a) E+ CTCs; (b) E+/M+ CTCs; (¢) M+ CTCs

2. FRANEY WEE(EH/MHMIBEFERE(M+) CTC #) RNA FRRIAZRAEK. (a) E+ CTCs; (b) E+/M+ CTCs;
(c) M+ CTCs
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3.4.CTC 5 CD44, MMP-9 RiZHXE

TRIEXT 104 B EE K708, CTC N 0~75/5 mL, HAi%y 14/5 mL. #£ CTC FHPEEZE 1, MMP-9 1E
RCC H PRI ZE N 74.1% (63/85), CD44 MIFHMERIEZE N 70.5% (60/85). £ CTC B B+,
MMP-9 #£ RCC WAL LR N 47.4% (9/19), CD44 HIBATELRIE RN 42.1% (8/18). MMP-9 Al CD44
[PIPEPER IS 235 5 T CTC MM (P < 0.05). 453 ER, MMP-9 £ E+. M+F1 E+/M+ CTC &3 H1 (1) [
PELITE R HIN 57.6% (19/33)78.6% (22/28)F1 91.7% (22/24), CDA4 [RIBH 1 23 Z 73 51 55.9% (19/34)
75.0% (21/28)F1 87.0% (20/23). MMP-9 F1 CD44 7t RCC 1 M+ CTC £ (I BH 14 30k R i T HoAth g
CTC KMHEHP <0.05, % 3).

Table 3. Relationship of epithelial-type (E+), biphenotypic (E+/M+) and mesenchymal-type (M+) CTC to CD44 and MMP-9
< 3. EFRBIEH). WRE(EVMHFEFRRE (M) CTC 5 CD44 1 MMP-9 KX F&

CD44 MMP-9
CTC P P
+ - + -
E+ 19 15 19 14
E+/M+ 21 7 0.034 22 6 0.012
M+ 20 3 22 2

3.5. CD44 #1 MMP-9 BT FIX A REF/RE RCC BERNARAR

H 42 Pl B2 T ARV . b CD44 BHTE 31 61, MMP-9 FH% 34 fi], log-rank 56 7R, cd44
PR B A R B AR T (P = 0.006, % 4), MMP-9 [EfER WA Z(P = 0.025, % 4). [AFE,
WHO/ISUP A= 73 2 5H ZE A AER A (P = 0.027, 2 4)o RRIIEH R A 22 R LG 1T (P > 0.05,
% 4). ZIHFE 4T EN, CD44 (HR: 0.203, P = 0.013). MMP-9 (HR: 0.268, P = 0.027). WHO/ISUP 4 Z%(HR:
2.478, P = 0.035)2 A7 AL TS Fa R (L 4).

Table 4. Univariate and multivariate analysis of 42 RCC cases with follow-up information

F 4. 2 HIBERETENERER SRR

Veriable " henhewiCh P TROSec) NPT
CD44 0.006 0.203 0.013
+ 31 29
- 11 99
MMP-9 0.025 0.268 0.027
+ 34 29
- 8 99
Age 0.802 0.902 0.805
>54.2 23 30
<54.2 19 32
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gk
Gender 0.133 2.331 0.177
Male 36 30
Female 6 99
WHO/ISUP grade 0.027 2.478 0.035
1~2 22 40
3~4 20 29
4. iHig

' A O g A R R Gt LIRS R 2 —, RIAMELLS W, FRATERER T MMP-9 Fl CD44 454
KA HT LSS CTC A AHIR M . MMP [ W R eHe, XRIRER I —MESIPIR, T HAEREM
M AR 2 ThEEE R, OISR RS2 T T iZ IR FC[10]. TR 3 R 1 30E nT #8530 MMP-9 #%
SEATIAR B, A28 AR 0 LAY B A 3 4 6 410 5 O R i JEC R P PR AR (11 ] G BAANIBLS ¥ MMP-9 1] L35
BITE R — M3 TR A K AL RS (AR B 12]. CD44 5 10 A4k i AF A FH BT RS 75 S 40 B AT R A6 Adtds B o
g, MIM{ZE40RRT R . MMP-9 1[5 CD44 MIAMERIIBLE G o XA R vF MMP-9 (173 2F180E ,
53 CD44 il N 45 )38 (CD441CD) fRBEI[ 13]- MMP-9 34 i) LUl i CD44 158 L5h 2 A p-MLC2 /KT
Wedtt. X—IRBIN T p-STAT3 /K F, S8 MMP-9 [k M, FFRmM—ANIE R, B
LR I 20 ) (R 2R AN R [ 14]

TEAMFLH, MMP-9 Fl CD44 78 "B 4 Mo fe 7 B ik 2 | TR B A2, I 550s 1 WHO/ISUP
IYRANDE, RANIX PR TR IE N B8-S B AR A R A, AR R AR o

E R - 1817 B AG(EMT) A2 i shi itk g (1) — AN QB B2, 8 S b e b B4 n b j 4 Rk Bt 23 1 (EpCAM)
FIHR A 2 ) (CKs) R, DUR g 4t i o ) 78 5 b 5 W % 25 R TWISTL (1 B[ 15]. CTC %t
IR 2 R 11 B EROR B 57 BT 263, H AT IG R AR &8 FH CTC AR SR 12 W LRI - 50 51 e« B9
Jiiges S 16] [17]0 CTC il 28 W AE AR A B 2 1 A T LS I i . Ak, CTC kil g vz H
TPl R B F PG . CTC BRI RSN TG R 18]. R,  FEAEFTA S iR 55 3 A e il
F| CTC. BEAEW SR IE, AN [FIIRXT CTC BIAS H 288 BT AN ] o ' e 2 By TRt A 3l 0, FEU0GR 7L
SNl A E U 17]. B RTHIRIE R B o CTC RA 2 5 AR 45 RARL. VF 2R, EMT £'Y
St PRI B0 8 40 B (CTC) WA FRAAAE[19] o (B 78 i CTC 5 3 TS AN R A O, # 8 R AT (it 25 14 [20]
XUERF N CTC 18 B b R E UG IME . SR, XS A7 7E — S R R M S B b ic ok
P EMT & A CTC EHE, Sh= CTC Wil RIS RIRIE, FEAREAMR. K, 7£— KBS B
B, A H R EMT bRic 80— Mg PR AT 47 ) CTC Al BoAR Sk 2 1 730 4t CTC WA A2 6 221 .

CTC 7EMR AL R R T REZ DT b - M A . ARSI CTC $ER A TG . E+ CTC &
HWTE TR A M+ CTC & [21]. Ak, EAFA CTC BEFMAEMERZE. AP7EH, M+ CTC
&7 RCC 11 MMP-9 #ll CD44 I FH Mk 2 i T HARM M CTC B . Bk, KPR CTC Al g2
SRR IR B AR . X —S5 R ATRE S M+ CTC S 5 4R (Mg TR 5 %

VAL R B TG e — AN ERMIE R . R MR R S A BRI A R OGN R 2 —. CTC 22
MR R IR — M bR A, CTC BAPER S M bR A 2 0, $Ros IR R 22 i T Re 1t o 7
AW, CTC FAPER RCC # 3 MMP-9 1 CD44 [IBHMERIER ST CTC LM B . X RER H
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T MMP-9 A1 CD44 52 ¥ 40 L (oG BE T 70 1, X871 30K B FRAB 1Y N2 W28 B A 355 S, AT
e 20 M P (R R AN RS, 1 I LV R A M P B . e CD44, VEDMIZSE BRI IRz 1, /]
LA Bl 4R AL S i e R I AR R B A i85 . AR CD44 7075 W B 4ifil — i TAE, SEER
I HLAS I I PN RO A IRIE PR 28 0E . CDA4 (1948 7 B 1 38 I S i A B ) B B A AE 5 AR08 R 48, E2R 4 i)
AWEAT e, AR BEAN I 1R 2R RS

5. &t

ZE L ATIR, MMP-9 fl CD44 fE'F 4 hid Rk, HRAE S M0 KRB IEA CTC #45

K. XEHTFREmEERATEAR. CD44 Fl MMP-9 #BATREH N A& (i B B R . SR,
FLAA R AEA LR IE 75 2l 5 7)1 SERoR 3t — 2B

SE
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